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Mt BEAR Sib, 

As a member of your Ancient and Honourable G-uild, 
I beg to dedicate to you, its Worshipful Master, this second 
edition of my treatise on ' Lathes and Turning.' 

The useful measures of technical advancement inau- 
gurated by the Turners Company, and so warmly promoted 
by yourself, tend greatly to encourage artistic skill and 
honourable emulation amongst craftsmen ; and I trust that 
my attempt to expose the mysteries and secrets of the craft 
will not be considered treasonable. 

I am, dear Sir, 

Your obedient servant, 

HENRY NORTHCOTT. 



PEEFACE. 



The present volume is intended as a * Handbook ' for the 
use of students in mechanics, amateur turners, and others 
who are interested in the art of turning. Proficiency 
in this most useful art is not to be acquired from books 
alone, but I beUeve the information given in the follow- 
ing pages may be taken as sound and practical, whilst 
the lathes, tools, and appliances described are those of 
the present day. 

The first part is devoted mainly to the description 
of the principal varieties of lathe in use. The second 
part treats of turning with hand tools in hard and 
soft woods, ivory, &c., also, in iron and the metals 
generally; this part includes screw chasing, drilhng, 
fret sawing, and other subsidiary operations. The 
third part describes the self-acting lathe and its uses, 
including screw cutting, boring, turning irregular shapes, 
wheel cutting, milling, slot drilling, planing, &c. The 
fourth part is on ornamental turning, with a descrip- 
tion of the ornamental lathe, the ellipse, the eccentric, the 
geometric, the compound geometric and other chucks ; 
the eccentric, ellipse, rose and other ornamenting 
instruments, the spherical slide rest, &c., &c. The 
whole being illustrated by three hundred and thirty- 
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eight engravings of lathe apparatus and eiuimples of 
turned work, of which ninety-nine are new to this 
edition. 

Messrs. Sir Joseph Whitworth and Co., Messrs. 
Fairbairn, Kennedy, and Naylor and other eminent 
makers were good enough to furnish me with the 
photographs from which the illustrations of lathes 
were engraved. To Mr. Henry Perigal, F.E.A.S., 
&c., &c., I am indebted for much valuable information 
and aid in connection with the special subject of 
geometric turning. And last, but not least, Mr. James 
Kasmytb has kindly contributed a chapter on ' Hard- 
ening and tempering steel tools.' 

I may add that I hope shortly to publish a sequel 
to this work in the form of a volume devoted ex- 
dudvely to * Examples of Plain and Ornamental 
Turning.' 

W. H. NOBTHCOTT. 
SomfZEnc Clvb, Lokimk^ 1876. 
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LATHES AND TUBNING. 



; PAET !• 

DEFINITION OP TURNING. 

The lathe is essentially an instrument by which sub- 
stances are rotated upon an axis under such arrange- 
ments that they may be cut and smoothed, or * turned ' 
by suitable tools. Turning is then the act or operation 
of shaping bodies by means of the lathe. 

In its simplest form a lathe consists of two fixed 
points or centres, between which the object to be 
turned is rotated, and a chisel or other cutting tool is 
so held that all the portions of the material projecting 
beyond the plane in which the point of the tool is 
moved are cut away as the object rotates, leaving a 
smooth cylindrical surface. Lathes however are now 
made of very complex configuration, and many opera- 
tions besides that of simple turning are performed by 
their instrumentality. In some cases, instead of the 
tool being stationary, and the object rotated, turning is 
performed upon a stationary object by a revolving tool. 
In other cases, although the work is rotated and the 
cutting point is stationary, the operation is not termed 
turning, but ' drilling ' or * boring/ according to the 

B 



2 LATHES AND TURNING. 

nature of the cutting tool employed. Generally, when 
a cylindrical body is produced by continuous rotation, 
it is said to be turned whether the cutting tool or the 
work is rotated. If a circular hole is made in a rotating 
object, the operation is termed turning only when a 
turning tool is employed to remove the surplus material. 
If the hole is made by a revolving tool it is not usually 
said to be turned, although the operation may have 
been performed in the lathe. 

The earliest form of lathe is no doubt of prehistoric 
invention. It can at no time have been much more 
elementary than the rude instrument used from time 
immemorial in Eastern countries. This lathe is gene- 
rally formed of two short wooden stakes or pegs driven 
into the ground at a suitable distance apart, each 
carrying a short pointed piece of wire or even wood, 
to act as centres or supports for the object to be turned. 
The work is rotated by means of a bow, something like 
a fiddler's bow, the string of which is twisted once or 
twice round the work to give it the necessary hold. In 
the East the turner squats upon the ground and holds 
the chisel with one hand, whilst with the other he 
moves the bow backwards and forwards so as to cause 
the work to rotate first in one direction and then in the 
other. The chisel is guided and steadied by the work- 
man's great toe. 

Lathes of this kind are still employed in India, 
China, and other Eastern countries, and apparently no 
attempt has been made by native workmen to improve 
upon them. Notwithstanding the rudeness of the lathe 
however, it must be admitted that Eastern turners are 
able to produce some very fine specimens of turned 
work. 



IMPROVEMENTS IN THE LATHE. 3 

The first improvement made upon this form of lathe 
was probably that of lengthening the wooden uprights 
and so elevating the lathe centres sufficiently high to per- 
mit the turner to stand whilst at his work. Some ingeni- 
ous workman hampered by having one hand only free 
with which to manipulate his tools, may have bethought 
him of fixing his bow over the lathe and driving the 
work with his foot by means of a string passed round 
the work as before, but tied above to the bow string 
and below to his foot. A treadle below to ease the 
foot, and a lath or pole above to give greater elasticity, 
would be mechanical improvements likely to follow in 
due course. 

Great inconvenience must have arisen from the 
driving cord having to pass round the work itself, since 
slight objects would bend and be easily broken across 
by the pull of the cord. A separate spindle driven by 
the cord and driving the object to be turned, would 
present itself as a means of obviating the inconvenience 
of the other arrangement, and this separate spindle 
would be a vast improvement. 

Then also the alternate rotation of the work in 
opposite directions consequent upon the use of a recipro- 
cating cord in the manner then obtaining, prevented 
continuous cutting action, frequently led to the edge of 
the tool being knocked ofi*, and was otherwise a great 
imperfection. Continuous action would be obtained 
from a separate driving wheel, and the use of a crank 
and fly-wheel worked by a treadle would eventually 
follow, although this great invention was probably led 
up to by several intermediate and less noticeable in- 
novations. No doubt many smaller improvements 

B 3 



4 LATHES AND TURNING. 

were concurrently effected in the general construction 
and workmanship of the lathe, the mode of fixing the 
lathe centres, the use of a movable poppet, the ar- 
rangement of the tool rest, &c., and the lathe would 
now become a really useful and eflSdent machine. 

As the use of machinery extended so the value of 
the lathe became more apparent, and its applications 
more numerous. It is adapted to the production of 
larger and heavier work by the addition to the lathe 
head of double gearing for reducing the speed and in- 
creasing the power. The uncertain hand of the turner 
would find a substitute in the slide rest — a mechanical 
hand at once stronger and more exact than the human 
hand. Some simple means are devised for moving the 
handle of the slide rest from the lathe itself, and the 
tool then becomes self-acting. By a mere extension of 
the slide rest principle, the lathe bed is itself formed 
into a sUde for the tool carrier, and with a leading 
screw or other tool-moving mechanism we have that 
most useful of all machines — ^the Self Acting Slide 
Lathe. 

Special adaptations of the lathe to the purposes of 
certain trades or certain work have been, and are, 
continually made. Many of these lathes with Iheir 
adjuncts possess great interest, and have been worked 
out with great ingenuity. For the purposes of the 
present work however, the lathes described and chiefly 
alluded to will be hand lathes, or simple lathes intended 
for the production of moderately light turning in metals 
and wood with hand tools ; the self-acting lathes, used 
by the mechanical engineer in the production of steam 
engines and other machinery; and the ornamental 
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lathes, employed in the execution of light fancy or 
ornamental turnery, chiefly in ivory and wood. A few 
special lathes are described in connection with the self- 
acting lathe. 

The hand lathe, at no very distant date the only 
one in use, is now chiefly used by wood tamers and 
amateurs. One of these is shown at Fig. 1 ; a is the 
bed; b the cone-poppet or headstock; c the screw- 
poppet ; d the tool-rest ; e the treadle. These lathes can 
be bought anywhere, and at prices varying from 21. to 
20^. Their capabilities are rather limited, but they are 
well adapted * to teach the young idea how to turn.' 

A better constructed lathe, of similar properties, as 
made by Messrs. Easterbrook and AUcard, is shown at 
Fig. 2. In this lathe a is 
the bed, which is of metal; 
/ is the cone, or fast head- 
stock, also of metal, with a 
steel mandril and gun- 
metal bearings ; c is the 
moving or screw head- 
stock, with a hand-wheel 
and tightening lever ; d 
is the tool-rest and holder; 
e the treadle for the feet; 
/ is the chain connecting 
the treadle to the crank A ; j 
(^ is the gut band passing J 
over the driving pulley i 
on the crank-shaft, and 

communicating motion to the cone of the lathe- 
spindle; k, k are handles for listening the head-stock 
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and rest-holder firmly on to the bed in a convenient 
position; 6, J are the two standards or supports for the 
lathe-bed; mis the back-board, or shelf, for placing 
tools and instruments upon within reach of the work- 
man's hand. 

In these lathes, whether driven by the toot or by 



eteam, it ia impossible to produce work requiring mudi 
force. Although ample power may be available, the 
strap is insufficient to transmit it to the lathe-spindle, 
and the capability of varying the speed is but small, 
and unsuitable for any but smaU variations in the dia- 
meter of the work. Lathes are therefore fitted with 
double or back gearing, which enables them to be used 
upon much heavier work, and of course renders the 
lathe much more serviceable. This double gear ac- 
complishes its object by diminishing the speed and 
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iQcreafdng the power in a corresponding proportion. 
It is variously arranged, but usually it is set at the back 
of the lathe-spindle, as shown in several of the lathes 
illustrated. The neatest arrangement is that in which 
the wheels are enclosed in the cone-pulley; but this 
is not so powerfiil, nor is it so accessible as outside 
gearing. 

The capabilities of these lathes can be still further 
increased by the addition of a aUde-rest, but then they 
can scarcely be considered 'hand-lathes,' as that term 
is used to denote those lathes with which the work is 
performed by hand-tools, or tools held in the hand. 

The slide-rest, Fig. 3, is a sort of mechanical hand, 



or instrument to be used instead of the hand, for hold- 
ing the tools and applying them to the work. The 
example given in the figure is of plain but convenient 
construction. The part a bolts down upon the bed 
with the projecting piece between the bars of the bed; 
& is a handle, by moving which the sUde c is caused to 
move upon a ; ^ is well fitted upon c, and is moved 
around a central pin, and adjusted at any required 



8 LATHES AND TURNING. 

angle, by the screw e ; by moving the handle / the 
shde g is caused to traverse along d. The tool is 
placed in a convenient position on g under the screws, 
two of which are tightened down to hold the tool firmly 
in place. By the use of the sUde-rest, the operator is 
enabled to turn plane surfaces, parallel bars, articles of 
regular taper shape, true curves, &c., far better and 
faster than when the tool is held in the hands. Some 
varieties of work, however, can be turned better by 
hand than by slide-rest tools. 

When using these mechanical hands, it is only 
necessary — after they are properly adjusted — to turn a 
small handle, and the tool is caused to move along in 
the required direction. Even this small amount of 
hand-labour may be rendered unnecessary by making 
the slide self-acting — that is, causing the motion of the 
lathe itself to move the handle and work the slide, so 
as to cause the tool to move. This can be done in 
many different ways. The slide-rest, when in use, is 
fastened on the lathe-bed, just opposite that portion 
of the work it is desired to turn. A finger is fastened 
to the work, a star-wheel to the handle of the screw, 
and the work is set in motion. This finger, in revolving, 
strikes against the teeth of the wheel, and causes it and 
the screw to revolve slowly; and, consequently, the 
slide, upon which the tool is mounted, is caused to ad- 
vance. This, however, is a clumsy method, but seldom 
used. The most convenient plan is by means of an 
eccentric on the lathe-spindle, the motion of which is 
communicated by a wire or cord passing over-head to 
a lever and ratchet-wheel, on the screw of the slide- 
rest. The neatest, but not so convenient a plan as the 
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last, is to have an eccentric and a small rocking-lever 
shaft in front of the lathe, fastened to the bed. This 
lever, being caused to oscillate by the eccentric, moves 
the slide-rest screw by a small ratchet-wheel and catch 
motion. 

The beds of hand-lathes are frequently made of 
wood, either beech or mahogany. For the larger sizes, 
the top part of the bed is covered with iron. Wood is 
not a good material in any case, however ; as, besides 
being clumsy for the purpose, it is affected by damp 
and by variation of temperature ; and in course of using 
the wood gets bruised and chipped off. Iron is in- 
finitely to be preferred for many reasons, especiaUy as 
regards durability. 

There is another species of hand-lathe, called bar- 
lathes, from the bed being a triangular bar of iron, to 
which the poppets and rests are fitted. 'These are chiefly 
used by watchmakers, and are generally very small. 

Self-acting slide-lathes are used almost wholly by 
mechanics for turning plain cylinders, or shafts of iron, 
and similar work. In these lathes the use of hand- 
tools is dispensed with altogether ; and, instead of the 
slide-rest being fastened immovably to the bed, it is 
made to slide along it lengthwise, generally by a rack 
and pinion movement, the pinion being attached to the 
slide-rest, and driven through a long shaft from the 
lathe-spindle, the rack fastened to and forming part of 
the bed. Cylindrical shafts, or bars of metal of almost 
any length, are thus turned without the workman being 
required to move the rest at all. He has only to adjust 
the tool so that it will take the required depth of cut, 
and to throw the self-acting mechanism into gear. 
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The rest, and consequently the tool, will then tra- 
verse or slide along the bed without further manual 
assistance. 

A lathe of this sort is shown at Fig. 4, which is 
taken from the lathes made by Messrs. Fairbaim, 
Kennedy, and Naylor, of Leeds. The cone-spindle 
carries a supplementary con^puUey, for giving motion 
to the self-acting mechanism. This lathe is automatic 
on both the longitudinal and transverse motions — that 
is to say, the motion of the slide-rest along the bed is 
automatic, as also is the motion of the tool along the 
slide of the slide-rest. 

These lathes are seldom made smaller than with ten 
or twelve-inch centres, and the bed is usually made 
very long ; but as in some cases the whole length of 
bed is not required, it is customary to utilise the un- 
employed length by placing one or more headstocks 
upon the bed. These are removed when very long 
shafts have to be turned. 

Self-acting surfiudng-lathes are for turning up large 
plane sur&ces, and are generally made very massive 
and heavy. The beds of these lathes are seldom made 
of any great length, but their centres are raised very 
high, so as to admit articles of large diameter. The 
slide-rest is not required to travel any great distance 
along the bed parallel to the line of centres, its chief 
motion being required parallel to the face-plate across 
the bed, at right angles to the line of centres. In large 
surfacing-lathes there is some little difficulty in getting 
the proper variation of speed. The best are constructed 
so that the number of revolutions diminish as the tool 
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travels from the centre, so as to keep the cutting speed 
constant. 

Many lathes are constructed for both siirfacing and 
traversing. They have the beds of moderate length, 
and moderately high centres, and are adapted to turn 
articles of small diameter and good length, surfaces of 
moderately large diameter, and also cylinders of mode- 
rate size and length. Such a lathe is illustrated at 
Fig. 5, which is a Slide Break Lathe, 21-inch centres, 
made by Messrs. Fairbaim, Kennedy, and Naylor. 
These are used only by mechanics. 

The lathe in greatest request is the self-acting screw- 
cutting lathe. This is able to perform all the work of 
those described, and, in addition, is capable of cutting 
screws of any incUnation or pitch. In some of these 
the rack and pinion for traveramg are done away with 
altogether, and the saddle of the rest is caused to travel 
along the bed by means of a screw called a leading screw. 
When this is the case, the screw is used aUke for ordi- 
nary sUding up or traversing and for screw-cutting, the 
variation in relative speed of traverse being gained by 
means of wheels termed * change wheels.' By changing 
the wheels connecting the lathe-spindle and the lead- 
ing screw, any required relative speed is obtained 
between these two. Thus, for ordinary plain turning 
or traversing, the lathe-spindle would run very much 
&ster than the leading screw. For cutting fine screws 
or screws of fine pitch, wheels woidd be put on which 
would cause the screw to run somewhat faster than for 
traversing. To cut a moderately coarse thread, say, 
the same pitch as the leading screw itself, the lathe- 
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spindle would be connected to the leading screw by 
such wheels as would cause the two to revolve at the 
same speed, or at the same angular velocity ; and for 
cutting screws or spirals much coarser than the lead- 
ing screw the lathe-spindle must be caused to revolve 
much slower than the screw. For most lathes the 
leading screw is made with two threads to the inch — 
that is, it has to revolve twice to cause the saddle and 
tool to traverse one inch along the bed. Other num- 
bers of threads are also used, but two is the most 
convenient for general work. If other numbers be used 
they should be even — such as 4 to the inch, and 8 to the 
inch, unless the pitch be 1 to the inch. Such pitches 
as f ths or ^ths should be avoided. 

It is obvious that, to cut a perfect screw in the 
lathe, the leading screw must itself be perfect. This, 
however, is not always the case, even in these days 
of * perfection of mechanism.' And even should the 
screw be perfectly true in the first place, it does not 
long remain so, especially in those lathes in which the 
ordinary traversing motion is derived from the screw ; 
as the screw soon gets out of truth and unequally 
worn. In most lathes the greater part of the work is 
done within a foot or two of the cone centre, or, in 
other words, there is more short work done than long ; 
and, as only a few inches of the leading screw are used 
to obtain the required traverse of the rest, it follows 
that these few inches are much more used and conse- 
quently more worn than the remainder. With a screw 
thus injured it is utterly impossible to originate or cut 
a perfect screw of any pitch. This cause of deteriora- 
tion is obviated to some extent by using the screw only 
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for screw-cutting, and having a separate rack and pinion 
motion for the ordinary traverse of the slide-rest. 

Although it is impossible to cut a perfect screw in a 
lathe fix>m an imperfect leading screw, by far too much 
faith is placed in that one article alone. Many clever 
mechanics appear to imagine that if they have a perfect 
leading screw nothing further is required. This, how- 
ever, is a mistake, as, although such a screw is indis- 
pensable, it is still very easy to cut a screw of irregular 
pitch with the best of leading screws. 

To cut a good screw in the lathe, not only should its 
leading screw be perfect, but the change- wheels should 
be equally so ; yet but few care at all about the state 
of their changes, although they may be fully alive to 
the value of having a good leading screw. Even with 
a good leading screw and accurate change-wheels, it is 
not always that a long screw can be cut with its pitch 
mathematically uniform ; indeed, at the best of times, 
this is a very delicate operation. 

The surCs rays passing through a window or sky-light, 
and falling on a leading screw, will cause it to expand^ 
and for some feet the pitch will be coarser \ and this 
irregularity will be reproduced in the screw cut in 
the lathe. If the screw to be cut is of coarser pitch 
than the leading screw, the irregularity will be in- 
creased ; but if the screw be of finer pitch, then the 
irregularity will be diminished. 

It is obvious that when a separate traverse motion 
is employed, and the screw of the lathe used only for 
screw-cutting, that if a great deal of short screw-cutting 
has to be done the leading screw must be worn un- 
equally, although not nearly to so great an extent as 
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when the screw is used for both screwing and traverse 
turning. The larger and heavier screw-cutting lathes 
are employed solely by mechanics; there are many 
different designs, but that given at Kg. 6, which is 
Sir Joseph Wliitworth and Company's Duplex Lathe, 
embodies, perhaps, the latest improvements. 

Sir Joseph Whitworth and Company also make an 
excellent form of Duplex Lathe, Fig. 7, which differs 
from the last mainly in being adapted to turn large 
short articles. The bed has an opening, or gap, which 
increases the height of centres, and provision is made 
for bolting on an additional slide-rest. Screw-cutting 
lathes of smaller size and lighter make are employed 
by mechanics and also by gentlemen amateurs. One 
of this class of good design is given at Fig. 8. 

The slide-rests for screw-cutting and other lathes 
are made of many varieties. Some are made to slide 
along the bed past the headstocks, which is very 
convenient. The headstocks are fastened down as 
usual, but the slide-rest is fastened to the front side 
of the bed. The Messrs. Muir, of Manchester, have a 
patent for a neat plan of lathe of this sort, in which 
there is a double bed, or bed formed of a casting,, 
having three longitudinal bars or faces, the centre one 
being rather wider than the others. The headstocks 
slide upon one of the outside bars and half the inside 
bar, and the slide rest travels upon the other half of 
the middle bar and the other outside bar. 

Ornamental lathes are the ones chiefly used by 
amateurs; as, although the work to be done in them 
is not so large and substantial as that to be done in 
screw-cutting lathes, yet it is far more ornamental. 
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delicate, and beautiful. Ornamental lathes are also 
used by ladies ; and, as a great deal depends upon the 
taste and lightness of touch of the operator, it is not 
unfrequent to see work produced by lady and gentle- 
man amateurs which equals, if not surpasses, in beauty 
that produced by the professional turner. These lathes 
are made very light, but very accurate; they are 
similar to the hand-lathe without back gear, the orna- 
mental work being produced more by the aid of inde- 
pendent instruments than by the lathe itself, although 
the lathe has to be fitted up in a peculiar manner to 
allow of these instnunents being applied and con- 
veniently used. 

In addition to these there are many lathes designed 
for special work, or the manufacture in large numbers 
of one article of peculiar shape. Fig. 9 is a lathe made 
solely for turning railway axles. The ends only of the 
axle having to be turned, it is put in the lathe, as 
shown, and both ends are turned at the same time by 
separate tools. This lathe is also shown as made by 
Sir Joseph Whitworth and Company. 

Fig. 10 is a lathe made by Messrs. Fairbairn, Ken- 
nedy, and Naylor, for turning railway wheels on their 
axles. Both wheels are turned at once, two tools being 
employed on each wheel. 

Fig. 1 1 is a neat lathe, by the same makers, fo r 
turning bolts and short work. There are two complete 
lathes on the same bed, and the saddle having only to 
traverse a short distance, it is moved in a simple man- 
ner, as will be seen. 

The lighter sorts of lathe are frequently driven by 
the operator's foot. This, of course, renders the work 
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somewhat more laborious, and until one becomes 
accustomed to the unsteadiness of the motion it is more 
difficult to produce good work with lathes of this kind. 
The inconvenience wears off to a great extent after 
practice and use ; but of course this unsteadiness does 
not affect tools held in the slide-rest. 

For many sorts of ornamental work, professional 
turners prefer to drive their lathes by the foot, because 
of the delicacy with which they can adjust the pressure 
and speed. There are many plans for driving by foot, 
but in all the power derived from the pressure is com- 
municated to a shaft underneath by a treadle and 
crank. Sometimes the treadle and crank are connected 
by connecting rods, and sometimes by flat chains passing 
over the trucks or pulleys. The latter plan is preferred, 
owing chiefly to its having less friction. If connecting 
rods or links be used they must be hooked on to the 
crank or treadle pins, so .that, should anything get 
under the treadle — the operator's foot, for instance — 
when being pushed down, the treadle being stopped 
by the obstacle, the Unk shall unhook. Otherwise, if 
the connection were rigid, the momentum of the fly- 
wheel would urge the treadle down with such force as 
would crush the operator's foot, or, if the obstruction 
were of a harder nature, would fracture or strain some 
of the mechanism. 

In working with foot-treadles of ordinary construe- 
tion, when the treading ceases, the weight of the treadle 
and connecting rods, or chains and cranks, causes the 
crank to take such a position that no pressure what- 
ever on the treadle will cause the crank to again move. 
This position is known as the * crank being on the 
centre.' 
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In order to again start the lathe, the operator must 
move the crank off the centre by hand before com- 
mencing treading. Now, as in ornamental turning it is 
not unfrequently the case that both hands are engaged 
and cannot well be spared, it is very annoying to find 
that the lathe cannot be started without having to move 
it by hand ; this inconvenience can be obviated in so 
simple a manner, that the wonder is that the plan is 
not more frequently adopted. By balancing the weight 
of the treadle and crank by a counter weight, the crank 
can be made to stop at any point in its circle of revo- 
lution. That point or position should be chosen which 
is the most convenient for starting fi:om. This arrange- 
ment has another advantage : it lessens the vibration, 
and reduces the power required to drive the lathe. 

The power to be obtained by the treadle is neces- 
sarily small ; but Messrs. Muir, of Manchester, have 
patented and brought into use a method of driving by 
many treadles and many feet. The power obtained in 
this case of course increases with the number of men 
employed in treading. Lathes of considerable size can 
thus be driven; and the plan is obviously of great 
value on board ship, where men to tread can be had 
without any extra expense, and where, perhaps, owing 
to a break-down of the engines, no other power is 
obtainable. When steam or other motive power is to 
be got, no one would think, except in the cases before 
stated, of driving by foot power. 

Slide and surfacing lathes are continually driven in 
one direction, and generally from a small shaft, called 
a counter-shaft, placed over the lathe, and driven from 
the main shaft by a belt. This shaft is either stopped 
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or started by means of a pair of pulleys on the counter- 
shaft, one fastened to the shaft, and the other, termed 
the loose or idle pulley, free to run round upon it. 
When the belt is sUpped on to the loose pulley, that 
pulley is set in motion upon the shaft, but the shaft 
itself remains still. When, however, the belt is sKpped 
on to the fast pulley, not only does the pulley revolve, 
but, it being fastened to the counter-shaft, the shaft 
revolves also. This motion is then communicated from 
a cone-pulley on the. counter-shaft, to the cone-pulley 
of the lathe-spindle, by a belt passing over both. In 
self-acting lathes the direction of motion is the same ; 
but when the saddle of the rest has travelled the whole 
length of the bed, or as far as is required, it is reversed, 
or caused to go back again, without either reversing or 
stopping the lathe itself. 

Frequently, however, these lathes are constructed to 
cut or traverse only in one direction ; and when the 
saddle has travelled bs far in that direction as the nature 
of the work requires, the mechanism connecting it with 
the lathe-spindle is thrown out of gear, and the saddle 
moved back along the bed by the workman himself. 
Screw-cutting lathes are also driven from a counter-shaft, 
but in a different manner. When the rest and saddle 
require to be reversed, it is usually done by driving the 
lathe-cone in the opposite direction, the tool being 
thrown out of cut until the motion is again reversed, 
and the saddle is travelling in the original direction. 
The lathe-cone is reversed by reversing the counter 
or auxiliary driving-shaft. There are many methods 
of doing this, but the most general is to have two straps 
or leather belts, one passing straight around the two 
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shafts, the other crossing midway between them. The 
main shaft is fiimished with a pulley wide enough to 
take both straps. The counter-shaft has on it three 
pulleys. Of these the centre one is fastened to the shaft : 
the other two are idle or loose pulleys, and are wider 
than the inner one. When the counter-shaft is not 
required to be driven, these two belts are on the loose 
pulleys, one on each, and as one of the belts is crossed 
the pulleys wiU consequently revolve in opposite direc- 
tions. There is a slide having two forks or guides 
engaging these belts. This slide is worked by a lever, 
hanging down within easy reach of the workman. 

Now when the lathe is required to move in one 
direction, the lever is moved so as to cause the sUde to 
carry one of the belts on to the fast pulley, which is 
then driven in the same direction as the pulley whence 
the belt was taken. The other belt is, by the motion of 
the slide, caused to nm nearer the outside of its own 
pulley, and this pulley revolves as before, without influ- 
encing the motion of the shaft. By moving back the 
lever to its former position, the belts are also brought to 
their former positions, and the counter-shaft is stopped. 
By moving the lever in a contrary direction the other 
belt is carried on to the fast or driving pulley, which 
is then driven in a contrary direction to what it was 
previously. As the lathe takes its motion from this 
counter-shaft it follows that its motion is changed in 
direction by shifting the belts. 

This reversing motion is commonly used for screw- 
cutting lathes, and as the tool does not generally cut 
both ways, being withdrawn from cut during the return 
stroke, it follows that the time occupied by the return 

3 
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of the saddle is time wasted. It is a good plan, 
therefore, to make the pulley on the main shaft of 
two sizes, that size which drives the lathe during 
its return stroke being made larger than the other. 
This has the effect of causing the return of the saddle 
to be accomplished in less time, and consequently less 
time is wasted. 

The belt-guide having a considerable distance to 
travel, the motion of the lever-handle which actuates 
the slide is much too great for ease of manipulation. 
The belt employed also, if worked hard, gives some 
little trouble by stretching and breaking ; nevertheless, 
the motion is very noiseless, and is communicated and 
reversed without any injurious shock to the mechanism 
or work. 

In order to do away with the inconvenience arising 
from the length of travel of the reversing lever, a plan 
has been devised which effectually and in a simple 
manner accomplishes that object, and which is espe- 
cially applicable to those lathes in which starting, stop- 
ping, and reversing, are effected by self-acting means, or 
through the motion of the lathe itself. In this plan the 
use of two straps is retained, and the two loose pulleys 
on the counter-shaft are also used, together with the 
driving pulley on the main shaft of either one or two 
sizes. The loose pulleys on the counter-shaft are, how- 
ever, only half their usual width, and no belt-guide is 
used, the straps always remaining in one place on their 
respective pulleys. For the fast pulley between the 
others is substituted a friction-clutch, caused to revolve 
with the shaft by being fastened thereto by a feather 
and groove, which, however, permits it to have a slight 
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sliding or longitudinal motion on the shaft. The inside 
rim of the pulley is turned taper to fit the tapering 
parts of the iriction-clutch. The clutch is moved by a 
lever to gear with either of the pulleys, or into a 
position between the two and out of contact with both. 
In the former case the clutch, and consequently the 
intermediate shaft, partakes of the motion of that pulley 
with which it is in contact. In the latter case the shaft 
remains still. In this plan the motion of the lever 
handle is not more than one-third or one-fourth of that 
necessary in the other plan with shifting belts. 

In addition to these, there is also a method for 
driving and reversing, by means of a single belt, three 
bevel wheels and a double clutch. It is, however, 

much inferior to the two plans described. 

— I 
Amateurs are advised to purchase their lathes of a ' 

respectable maker, and not to attempt to make one for 

themselves. It may be generally considered that when 

an amateur makes his own lathe — although he himself 
may consider it a remarkable work of genius — in 

reality it will be found to be of little value. This may 
be an unwelcome truth to many mechanical aspirants, 
but it is not the less inexorable ; and I am constrained 
to intimate it from having been a spectator of many 
such miscarriages. I have even heard of a wooden 
slide-rest and wooden elliptical chuck having been thus 
constructed. But these 1 have not seen. J 

In purchasing a lathe, the tyro must not suppose that 
all those made for the same purpose are necessarily 
alike. Each maker has his own peculiar style, and al- 
though lathes differ much in design and workmanship, 
each maker probably considers his own make the best. 
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The design of a lathe more especially afiects its conve- 
nience and usefulness, and the workmanship the quality 
and accuracy of the articles manufactured in the lathe. 
With regard to the workmanship there can be but one 
opinion, and that is that it cannot be too good or too 
accurate. Money spent in burnishing, or otherwise 
uselessly ornamenting a lathe is money wasted ; but 
money spent in procuring accuracy of workmanship is 
well invested. 

There is a vast difference between good work, or 
mechanical ornament (if I may so express myself), and 
useless or tawdry ornament. A good mechanic will 
leave those edges sharp which form joints, so that the 
joint can scarcely be seen, whilst terminal edges he 
will chamfer or round off, to prevent them hurting 
the operator, or ' being bruised or broken off, and left 
ragged themselves. By judiciously shaping the compo- 
nent parts of a machine, he will contrive to give the 
whole a graceful, finished, and mechanical appearance, 
which would otherwise be wanting, and this he does 
without extra expenditure, and without impairing the 
usefulness of the machine. Whereas another will cut a 
number of beads and mouldings on his work, burnish a 
great portion of it, make as much of the machine as 
possible * bright,' and paint the unpolished or * black ' 
portion of some flaming colour, and daub it with gilt 
or bronze. This he does imagining he improves the 
appearance of his work, whereas he impairs it. The 
beads and sharp edges and angles weaken the article 
considerably, and, in course of working, they arc 
certain to be bruised and indented in some way, 
and the hand seems always to be knoclsiing against 
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them, and being cut or scratched. They also serve as 
receptacles for dirt. Burnishing machinery usually 
has the appearance of being done to cover defects, 
and the style becomes what is known amongst me- 
chanics as *deep scratch and high polish/ Gaudy 
colouring soon loses its bloom, but in whatever state 
it may be it imparts to the mechanism such a tawdry 
appearance as to excite the ridicule of every sensible 
man. 

As to the design of a lathe, that depends so much 
on the fancy of the user, and is so much a matter of 
opinion, that it is difficult to lay down many arbitrary 
rules. When one is accustomed to use a lathe of 
any particular design — even though it be in reaUty a 
bad arrangement — being famiharised with its defects 
and inconveniences, one is apt to overlook its bad 
features, and be prejudiced in its favour. The follow- 
ing may, however, be mentioned as a few of the main 
points of a good lathe : — 

1. It should be constructed wholly of metal, for 
although some are of opinion that the introduction of 
wood is advantageous, as preventing that injurious 
jarring or * chattering' which frequently annoys the 
operator, and renders it difficult for him to produce 
good work, I believe the notion to be almost exploded 
amongst mechanics — ^the chattering being always caused 
by the weakness of the mechanism or by the inattention 
or the imskilfulness of the operator. 

2. The various parts should be as strong and massive 
as possible, without clumsiness. 

3. The bed should be thoroughly unyielding, and 
stand immovably firm and level. 
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4. The spindle should be of good size, and its bear- 
ings not too close together. 

5. Conical bearings hardened are perhaps as good as 
any. When well made, with proper care and occasional 
regrinding, they will last a long time, and give but 
little trouble ; but if left unlubricated, screwed up too 
tight or improperly, or if the metal of the headstock 
yield to the pressure of the screw, then in either case 
the necks *bind,' get hot, abrade, and cause great 
trouble and annoyance. 

6. The starting and reversing handle should be 
within easy and convenient reach of the operator. 

7. The slide-rest should have a motion independent 
of the ordinary screw, for throwing the tool in and out 
of cut. For screw-cutting this motion is very valu- 
able. 

8. The tool-holder should be one of those allowing 
the tool to be placed at any angle or convenient posi- 
tion on the tool-plate. 

9. All wearing or working surfaces should be pro- 
vided with oU holes for lubrication, and those holes 
likely to get filled with dust or grit should be furnished 
with proper stoppers. 

10. All sliding surfaces should be scraped to a good 
bearing, and without grinding. 

There are certain technical terms and expressions 
used by turners which should be understood by learners. 
These terms vary according to the locality, but I beUeve 
the meanings here given to them are those most gene- 
rally received. 

* Traverse turning,' * traversing,' and * sliding-up,' 
are the expressions variously used to denote those 
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operations in which the tool is caused to move along 
the length of the bed, the tool being set either parallel 
or nearly so to the line of centres, and by which the 
work produced is of the same size throughout, or 
nearly so. 

* Surfece- turning,' ' surfacing,' and * facing-up,' are 
used to denote those operations in which the tool does 
not slide along the bed, but across it, at right angles 
to the line of centres, and in cutting produces a plane 
smrface. 

' Burr,' * fash,' and * raw-edge,' are generally used to 
denote the edge or angle of junction of two cuts, at right 
angles, or less than right angles, to each other. Such 
edges are usually rather sharp, or wire-edged, and jfre- 
quently inflict serious cuts and gashes in the workman's 
hands, should he happen to touch the edge whilst the 
work is in motion. When cutting holes in metal the 
orifices of the hole, and espedaUy that one from which 
the point of the tool makes its exit when cutting, are 
frequently exceedingly sharp and dangerous to touch. 

' Trueing up ' is the expression used to denote turn- 
ing up an article for the sake of having a smooth 
surface, and without regard to size, and would be 
accomplished when the rough casting or forging had 
all the black or scale turned off. 

*Hold up to size,' or *not to hold up to size.' When 
an object has been turned to certain dimensions, if all 
the black or scale is turned off, it is said to ^ hold up 
to size ;' but if when the proper dimensions are attained, 
patches of scale are still seen, the article is said ^ not 
to hold up to size.' 

* True,' * out of truth.' Sur&ces are said to be * true ' 
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when smooth and level, cylinders when perfectly cylin- 
drical, and so with other shapes. Articles are said to 
* run true ' when, in the case of a surface, the surface 
revolves in a plane at right angles to the centre of 
lathe spindle, and in the case of a cylinder when it 
revolves concentrically. 

* Chattering,' or * shattering,' is the characteristic 
term apphed to a peculiar noise, made generally by 
the rapid vibration of the article turning. The noise is 
very unpleasant. When once heard it is not soon to be 
forgotten, and it is a tolerably sure sign that something 
is wrong. Work produced while this chattering is 
going on is usually ' out of truth ' and wavy. 

' Thread ' of a screw is that part raised above the 
surface of a cylinder upon which the screw is cut. 
Screws may have several threads. 

The * pitch ' of a screw is the distance from thread to 
thread, or the longitudinal distance which the thread 
advances in one revolution of the spindle upon which 
the screw is cut. 

'Drunken pitch' is the term used to denote a badly 
made screw. When the thread advances faster during 
some portions of a revolution than at others, or a screw 
has an uneven pitch, or one not uniform, it is said to 
drunken. 

' Centres ' are the indentations made at the ends 
of articles, for retaining them in place whilst being 
turned. 

' Catch in * is the expression used when the tool in 
cutting suddenly jerks deeper into cut, and either digs 
out an irregular hole in the material, or throws it out 
of the centres, or jerks the tool out of the operator's 
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hands. This occurrence is very frequent with be- 
ginners. 

*Loss of time,* or ' backlash,' is the distance through 
which the first motion must travel, when the direction 
of motion is reversed before the action will commence, 
in the case of wheels in gear, such as the change wheels 
of a lathe. After the lathe has been running, and 
the saddle of the rest travelling along the bed, when 
the direction of the motion is reversed, the reversal 
of the saddle does not take place immediately, but the 
saddle remains stationary, while the lathe spindle 
moves a considerable distance. This is called ^ loss of 
time,' and in the case of wheels is caused by the neces- 
sary slack or clearance of the teeth. Li the case of a 
screw alone, such as the screw of the surfisudng slide 
of the rest, it will be found that after moving the slide 
in either direction by the screw, the handle of the 
screw must be reversed, and moved part of a revolu- 
tion before the saddle will commence its motion in 
the reverse direction. This is owing partly to the 
slackness of fit or ' play ' between the screw and nut, 
and partly to the screw having slight * play,' or longi- 
tudinal motion between its collars. In the case of 
ordinary turning, this loss of time is of no consequence, 
but for screw-cutting it is sometimes inconvenient, 
and for ornamental turning much more so. This will 
be seen, and the method of counteracting it will be 
explained hereafter. 
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PAET n. 

PDAIN TURNING WITH HAND-TOOLS. 

In order to describe the simplest operations first, I 
shall commence with instructions for plain turning with 
hand-tools in the simple lathe. It is necessary that the 
operator should have a good knowledge of the use of 
these tools before he can become a good workman at 
either the slide and screw-cutting lathes, or the orna- 
mental lathes. In the working of slide-lathes, and 
others of that sort, it is frequently necessary to make 
use of a hand-tool to touch out some corner or curve 
which it is difficult to come at properly with the tools 
in the slide-rest. It is also far easier to judge of the 
correct shape and method of using tools in the slide- 
rest when one thoroughly understands the cutting 
action of hand-tools. As these tools are held in the 
operator's hands, and guided by him, he very soon 
feels when they are out of order, or applied in the 
wrong position. But when tools do not cut aright 
in the slide rest, the workman has to rely on his 
sight alone to inform him of the fact, and this to the 
inexperienced is seldom sufficient. 

In ornamental tiuning, hand-tools are still more fre- 
quently required, and for this work especially, should 
the operator be able to use them with dexterity and 
certainty, as the slightest slip or clumsy touch would 
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result probably in the work being spoiled. The pri- 
mary lessons should be learned upon a rough or strong 
lathe of some sort, as, although it may appear the 
easiest thing imaginable to use these tools, it is, 
nevertheless, generally found upon trial that some of 
them — ^unless carefully used — are extremely apt to 
play awkward tricks. 

I do not mean to say that the difficulty is very 
great, because it is not: with cautious handling no 
mishap need occur. But it is, however, desirable to 
guard against accidents, which, if they were to happen, 
would perhaps damage beyond repair the delicate 
mechanism of the ornamental lathe. Those who are 
totally unacquainted with turning should at first take 
a few lessons Irora a proficient in the art, acquiring by 
this means much rudimentary but necessary know- 
ledge, which could scarcely be gathered from a book. 
There are many professional turners who make it their 
business to teach amateurs in all branches of the art, 
and also to procure for them the necessary fancy 
woods, and any instruments they may require. I 
think the present work will furnish the reader with 
most of the information these gentlemen could com- 
municate ; but I would, nevertheless, advise beginners 
to attentively watch the movements of a good turner, 
as, by this means, they will best be able to form an 
idea as to how they should proceed themselves. 

The lathe itself having been previously described 
and illustrated at Fig. 2, I shall proceed to describe 
the chucks or instruments for communicating the 
motion of the lathe-spindle to the work. These 
chucks or drivers are screwed either on to the male 
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screw on the spindle end or *nose* of the lathe, or 
into the female screw of the spindle. Chucks are not 
only necessary for giving motion to the work, but in 
some cases for firmly fastening and holding the material 
in a convenient position for allowing the tools to be 
applied to it As the articles to be chucked vary 
g^tly in rize, .hape, «.d m..«u>l, Ae chuck, n.Z 
be constructed variously. Many will, however, answer 
equally well for hard and soft woods, and ivory. A few 
can be used indiscriminately for these materials and 
metals, but, as a rule, metals require chucks of greater 
strength and different construction. The drill-chuck, 

Fie. 12. Fig. 13. 





Fig. 12, is made either of brass or cast or wrought iron. 
The dotted lines denote that it is fitted with a female 
screw for screwing on the spindle end. It also has a 
taper square, or taper round hole to receive a set of 
drilling tools, and also the two drivers. Pigs. 13 and 14. 
Fig. 13 is the prong driver for the softer varieties of 
wood. Fig. 14 is the cross kerf driver. Both are made 
of steel, and the latter is used mostly for the hard woods, 
ivory, bone, and small work in metals. When these 
drivers are used, the work is always supported at the 
other extremity by the screw centre. The taper-screw 
chuck. Fig. 15, is made of metal, and screws on the 
male screw of the mandril. The taper-screw itself is 
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made of steel, and is fastened to the body of the chuck 
by a screw thread, so that if the screw be broken off or 
damaged, another can be substituted. This chuck is 
used for either soft or moderately hard woods. It is 
not well adapted for hard wood or ivory, although it is 
occasionally made to answer for them. Any attempt 
to chuck metals with it would result in the breaking 
or spoiling of the screw. Generally, this chuck is used 
for holding pieces of wood from half an inch to six 
inches in thickness. Thinner pieces have not sufficient 
substance to give the thread the requisite amount of 



Fie. 14. 



Fie. 16. 






holding power. When the wood exceeds six inches in 
length, it must be supported at the other extremity by 
the centre, or by a proper bearing or stay. This chuck 
may be very conveniently used when it is required 
to turn any recesses in moderately thick pieces of 
wood; but when this has to be done in the case of 
very long pieces, it is inconvenient to support the other 
end by the screw centre, as that centre would then be 
in the way of the tool. In cases such as this, the 
exterior should be turned, whilst the end is supported 
by the centre. This, of course, can be done without 
inconvenience; the centre is then removed, and the 
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work supported by a wooden bearing, whilst the in- 
terior is being operated upon, and the required recess 
or cavity turned out. A piece of wood is then made 
to fit the mouth of this cavity, and to form an abut- 
ment for the centre while the outside is being finished. 
If the cavity be sufficiently large to allow the centre 
and the spindle to enter, the former may be forced into 
the wood at the bottom of the cavity. In this case no 
stopper is required. 

Sometimes, after the cavity is made, it is required to 
remove the work from the chuck, and change ends 
with it, in order to get at the end which hitherto has 
been against the chuck. In this case, remove the 
work, and on to the same chuck screw a piece of thin 
flat wood, which turn down to the size of the mouth 
of the cavity, or to fit the cavity rather tightly. The 
article being then gently pushed on to this stopper, 
and the centre forced into the hole made by the taper- 
screw, the work may be finished with ease. When this 
plan is followed, the end of the article on the stopper 
or chuck, as well as the cavity, is certain to run as 
' true ' as may be required. 

The five-pin or plate-chuck. Fig. 16, is also of metal. 
It screws on the mandril end, and its body or * boss ' 
is of the same shape as the chuck last described, only 
instead of being furnished with a taper-screw, it has 
five steel pins or points projecting from its face. These 
pins are arranged as is shown in the figure. This 
chuck is used almost wholly for holding thin pieces of 
soft wood. 

The cone-chuck is made of metal and screwed on 
the spindle end. Its construction will be understood 
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by referring to Kg. 17, The projecting pin a is of 
steel, and has a screw cut upon It to receive the nut 
b. The cone c is also of metal, but sometimes for 
temporary use it is made of hard wood : it slides on 
the pin a. This chuck is used for turning piecea of 
wood of large diameter, and having a hole through 
them. Articles of this sort are by ite means chucked 
true or concentric with their central holes. The 
universal mandril, Fig. 18, is used for the same de- 
scription of object as the last, than which for many 
purposes it is somewhat better. 

Fi6. 18. Pre. 17. 




The mandril a is of steel, the ends are carefiilly 
hardened, and are furnished with centre holes for run- 
ning between the ordinary lathe centres. It is driven 
by means of a carrier or driver. The mandril is 
screwed throughout almost its whole length, and is 
fitted with a nut b, and washers c c. When it is re- 
quired to turn any article having a hole through it of 
a size for which the operator has no mandril, a piece 
of hard wood is taken and bored through with a hole 
rather smaller than the mandril thread. This wood 
being then twisted on the mandril, a thread is formed 
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in the hole which holds the piece finn enough to allow 
the wood to be turned, to the size required to fit the 
F,(,, ]g_ bole in the article requiring the 

mandril. This wooden socket should 
fit the hole nicely, otherwise the 
work turned out on it will be ' out 
of truth,' or eccentric with its hole. 
The article is forced on the wooden 
socket, and the nut b screwed up so 
as to hold it firmly between the two 
washers. It is, of course, necessary 
that the length of the wooden socket 
should be somewhat less than the 
length of the hole in the article to be 
turned upon it ; otherwise the washers 
will tighten up against the socket, and 
wiD not exert any holding or gripping 
power on the article itself. 

The double or male and female screw chucks. Fig. 



1 9, are of metal : a is the male, B the female chuck. 
The male chuck is made to screw on the mandril end. 
The projection in front is cut with a fine screw thread, 
Buch aa is used for the covers of fency boxes. The 
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female chuck is merely a ring or nut, having a screw 
cut through it to correspond with the .male screw. 
The male screw chuck is used alone. The female can 
only be used in combination with the other, upon 
which it is screwed. They are both used for hard 
woods, ivory, and metals. A smaller pair of these 
useful chucks is shown at Fig. 20. They are both 
used in the same manner, and for similar purposes and 
materials as the last. The only difference is in their 



^awNft- 



mode of attachment to the spindle, the first being 
fitted to screw on the spindle end, whereas in the latter 
the male part screws into the centre-hole of the spindle. 
The chuck-plate, Fig. 21, is of metal, and with a 
boss the same as that of the others described. It 
screws on to the mandril. The plate part, ot surface, 
is lai^er than that of the others, and is drilled through 
with a number of small holes. It can be used either 
as a surface chuck, to which to attach thin pieces of 
wood by means of turner's cement, or as an attachment 
for rough chucks of temporary service. For this latter 
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purpose especially it is very useful. Four or five 
screws, such .as are shown at Fig. A, are made to fit in 
common all the holes in the plate. 

Any rough piece of wood which it is wished to 
fasten to the plate is laid on its face, and two or more 
holes, in convenient positions, are made in the wood 
by a gimlet passing through the holes in the plate from 
behind. The screws are then used to fasten the one to 
the other. These should be inserted in such positions 
that they may take into those parts of the wood which 
do not require turning, and not into any place where 
they would project and be in the way of the tools. 
The holes being made all over the plate give every 
chance of the screws being properly arranged. 

Temporary chucks, for which this plate is used as 
an attachment, are merely cavities turned out of a 
sohd piece of wood fastened to the chuck-plate, as 
explained. The recess or cavity — or it may be a pro- 
jection to take into a cavity — ^is turned so that the 
article may fit it rather tightly. Such chucks as these 
are frequently required : they are principally used for 
holding half-turned articles whilst they are being 
finished. 

The work to be chucked may be of either hard or 
soft wood, or ivory, &c.; but these chucks do not 
possess sufficient holding power to answer well for 
metals, although a chuck of hard wood is sometimes 
used to hold small spheres of brass whilst being turned. 
Wooden cup-chucks are very inexpensive, they are 
easily and readily made, and do not damage the tools 
should they inadvertently be allowed to come in contact 
with them. The great objection to their use lies in the 
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liabiUty, or rather certainty, of their shrinking, warp- 
ing, and getting out of truth and out of shape. For 
this reason chucks of universal use are made of metal ; 
but when, as is frequently the case, a peculiar chuck is 
needed for only one or a few articles, and, these done, 
it is of no further service, the wooden chucks are far 
preferable. 

Spring chucks are tnade of either box-wood or 
metal, and screw on the spindle-end. They are formed 
in several parts or staves, something like a cask. These 
staves, having considerable elasticity, spring open ; so 
that an article to be held by one of the chucks being 
inserted in the mouth of the chuck, and the staves 
compressed upon it by means of rings which encompass 
the staves, is held whilst being turned. These rings 
are sometimes made to compress the staves by being 
slid towards their largest diameter. And sometimes 
the outside of the staves is screwed, and the ring is also 
cut with a corresponding screw ; the staves are then 
compressed by twisting the ring round so as to advance 
it towards the largest diameter of the chuck. In some 
cases these chucks are very convenient, but as they 
have only little power of variation in size or expansion, 
their use is necessarily limited. Some turners, how- 
ever, have such a great liking for them that they keep 
them in all sizes. In most cases, a chuck turned from 
a solid piece of wood fastened to the chuck-plate will 
be found to answer just as well. Split or spring 
chucks are used for wood and ivory, and occasionally 
for metals. 

There are numbers of other chucks used by turners 
in wood and ivory, but those described are probably 
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amongst the best and most generally useful. Many 
lathes are furnished with chucks in great number and 
variety, but, as a rule, one half of them are utterly 
valueless and never come into requisition. It is a bad 
plan to buy too many chucks with a lathe. Turners 
will find it much to their advantage to purchase at first 
only those which are of great use and extended appli- 
cation, and to add other chucks as they find they 
require them. 

Most good lathe-makers make all their work to 
standard sizes, and use standard Whitworth screw 
threads; so that any chucks purchased even years 
after the lathe, can generally be relied upon to fit the 
spindle and * rim true.' 

As before mentioned, chucks are usually made of 
metal ; — for the larger sorts cast iron is the best 
material, but for some of the smaller ones, wrought 
iron is to be preferred. Brass is frequently used for 
both large and small chucks; but, beyond its non- 
liability to rust, it possesses no advantage over iron. 
On the other hand, it is much more costly, it is more 
easily bruised and indented, and is much more trouble- 
some to keep clean. The hands of the workman are 
also somewhat soiled by touching brass, and this does 
not conduce to the production of dean and unsoiled 
work. 

Chucks are generally put on by hand, the threads 
of the screws being well fitted, but not made so tight 
as to prevent this being done. The usual mode is — 
afler removing the centres and clearing away all dirt 
from the spindle-end and also from the chuck itself— 
to hold the mouth of the chuck against the nose of the 
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Spindle by the right hand, the left hand being at the 
same time applied to the driving-strap, and the 
cone and spindle caused slowly to revolve in the 
same direction as for turning. After a chuck has 
been used for any but very light work, it will be found 
to be jammed up against the collar of the spindle too 
tightly to allow of its being started by the hands. The 
chucks, therefore, are all furnished with some means for 
applying the power of a lever to unscrew them. Those 
described are shown with a small hole in the bosses, in 
order that they may be removed by the pin and circle 
wrench, as shown at Fig. 22. This method is as neat 
and convenient as any. 

Some tiuners are in the habit of taking up a drill 
or an old piece of iron and forcing it into the pin- 

Fio. 22. 




holes; but this is a very bad practice, and is only 
followed by careless workmen. When this slovenly 
method is resorted to, the pin-hole soon becomes 
bruised out of shape, and so much enlarged, that the 
proper instrument is rendered useless. Taper-pins are 
not good instruments to use for this purpose, and they 
should be discarded, except in those cases where but 
little force is required, and that not frequently. 

The tools required for turning soft woods are very 
few and simple. The professional turner seldom uses 
more than half a dozen, and with these he can manage 
to produce a' great variety of work. The bobbin or 
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spool turner, with the aid of one tool only — the gouge, 
and occasionally the gouge and chisel — ^will turn out 
twelve dozen or more of the bobbins used in spinning 
and other factories in one day. That number is 
generally considered a da/s work. It can therefore 
be readily imagined that there is no time to waste 
in putting down one tool and taking up another. 
Although a workman does so much, he seldom appears 
to be in any violent hurry, but continues his work 
almost with the easy celerity and regularity of a 
machine. These tools, besides being so few, are fre- 
quently very rough, and they are usually surpassed in 
that respect by the lathe ; yet an amateur, with the 
best of lathes and any number of tools, would scarcely 
succeed in doing half that quantity of work. Indeed, 
I am inclined to think that he would consider it a very 
good day's work if he had completed one dozen or one 
twelfth the number. 

It will be understood that the above refers only to 
turning in soft wood. Turners in hard woods and 
ivory require a much more extensive Collection of 
tools ; and the number is never complete, but requires 
continual additions for the variation in the nature of 
the work to be done. Many sorts of work require 
tools of such peculiar shape that they are only useful 
for that purpose for which they were designed. As, 
however, these differ only in shape but are alike in 
cutting principle, it would be unnecessary — if it were 
possible — to describe all those used. When the 
operator becomes acquainted with the peculiarities of 
a few of the principal tools, he will seldom have much 
difficulty — supposing him to be possessed of a due 
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amount of common aenae — in 
will enable him to satisfactorily 
of work he may have in hand, 
rally in use for soft woods are 
the gouge Fig 23, chisel Pig. 
25, diamond point, or V tool 
Kg. 27, cranked point Fig. : 



contriving tools which 

execute any description 

The tools most gene- 

those shown ; namely, 
24, scraping chisel Fig. 
Fig. 26, cranked chisel 
38, cranked round Fig. 



Fio. 20. Flo. 27. 
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2d, and parting tools Fig. 30. The gouge and chisel 
are those in most frequent use. These differ altogether 
from those used for hard woods and ivory ; but the 
others do not differ so much, being of similar shape 
somewhat differently ground. 

The hard-wood tools are shown at Figs. 31 to 50. 
The uses of these tools wiU be spoken of presently. 
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I may, however, mendoii here that, although to the 
inexperienced eye the tools may appear to be so very 
much alike that they may be used indiacrimmately 
for hard and soft woods, that is not the case. They 
do differ materially. If the soft-wood tools be used 



for hard materials, their edges will very soon not only 
be blunted, but knocked off altogether ; and they will 
require considerable regrinding before they can again 
be applied to their legitimate use. On the other hand, 



when hard-wood tools are used upon soft substances, 
although the tool may not get damaged the work does, 
as it cannot be done nearly so smooth as with the 
proper tools. The woody fibres do not get cut or 
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shaved off, but are pulled off in large pieces ; and the 
work is without truth, regularity, or polish. 

The cutting edges of the two sorts of tools being 
ground to a different angle, this angle must be pre- 
served within a shade or two, if the user would wish 



11 



them to do their work well. When they become dull 
fixjm use and require grinding, care must be taken to 
retain the proper cutting angle as closely as can be 

Fis. 41. Fte. 43. Fio. 43. FtQ. 44. Fifi. 45. 
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judged, and that angle should not be destroyed by the 
subsequent operation of honing or oil-stoning. It is 
not unfirequently the case that even professional turners 
will say that their tools ' won't stand,' ' won't make 
good work,' when in reality the fault hes with them 
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entirely, and is the result of their own careless and 
slovenly grinding. On examining the tools, it ia found 
that, uistead of the cutting edge being formed of two 
etraight surfaces, or one straight and the other con- 
cave, as it should be, it ia ground with convex surfaces, 



Fie. 46. Fia. 47. 
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or surfaces formed of such a collection of curves that I 
am not sufficiently a geometrician to give a name to 
them. The same tool, ground by a careftil person, 
will work as well as can be wished. 



Fie. fil. 



Should the operator be unable to judge of the proper 
angles by the eye, it will be better for him to cut out 
a piece of thin sheet-iron or brass to fit the tool when 
properly ground, and to grind the tool to this gauge 
when it gets out of order. 
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The angle for soft woods is from 25" to 40°, for hard 
wooda fttim 60" to 80". The angles for various hand- 
tool edges, aa well as the positions of the tools, are 
shown in Figs. 51, 52, 53. An attentive examination 
and comparison of these will be useful to the reader. 



The tools illustrated are those mostly in use. Only one 
size of each is shown, but most of them should be had 
in many sizes, fur both right and left hand work. 

In addition to the chucks and cutting tools, other 
instruments are required ; some of which, such aa 



tool-rests, vary with the sort of lathe with which they 
are used. The chucks and tools are the same, however, 
for almost all lathes. The tool-rest, or tee, Fig. 54, 
seen in the lathe at Fig. 2, is necessary as a support for 
the tool when cutting. If the lathe be a simple hand- 
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turning latbe, such as that shown, and adapted only to 
that kind of work, then no alteration of rests is required. 
If the lathe be one with a slide-rest, and we wish to exe- 
cute any hand-turning, it ia generally the better plan to 
remove the slide-rest altogether. But if the lathe be a 
slide and screw cutter, the slide-rest cannot at all times 
be removed so easily. It is not, therefore, worth while 
to be at the trouble of removing it, unless absolutely 
in the way, or the turning to be executed will occupy 
a considerable time. "When this is the case, the 
moving or screw headstock should be taken off, and 
the shde-rest altogether traversed along the bed until 
past the place where the headstock is to be fastened. 
The headstock is then replaced, and a 
Fio. 54. rest-holder and rest placed on the bed 

between the headstocks, and fastened 
down in any convenient position. This 
rest-holder and rest is similar to the 
one shown in position on the lathe-bed 
at Fig. 1, and needs no separate illus- 
tration. It can be moved anywhere along the bed 
of a lathe between the headstocks, can be placed at 
any distance from the hne of centres to accommodate 
differences in diameter of the work, and can also be 
placed at any angle to the line of centres. The rest, or 
tee, can also be raised to any height, for the better ac- 
commodation of any of the tools, and can also be set 
with the edge of the rest either parallel to or at an 
angle with the line of centres, as is found most conve- 
nient for the work in hand. 

Care must always be taken that the rest-holder be 
firmly bolted to the bed of the lathe and the rest, and 
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fiwleoed tight in ite socket before the work ia com- 
menced. It may otherwise result in a serious smash of 
the tools, of the work, or of the operator's fingers. 

A pair or two of different sized callipers are also an 
indispensable part of a turner's collection of tools. 
Those shown at Kg. 55 will be found of convenient 
construction. They are used as gauges for turning to 
any particular size, and the same pair answers equally 
well for measuring either internal or external work. 
In Fig. 55 they are set for external and at Pig. 56 for 





internal meaauremenfa. Those illustrated at Fig. 57 
are of capital construction, but they are not well 
adapted to soft woods — indeed, they are seldom used 
with woods at all, but principally for metal. The pe- 
culiarity of these consists in one of the 1^ being 
formed to act as a spring, so that when appUed to any 
article which is not turned small enough, the spring 
1e^ opens. 

Attached to the lower part of the leg is a pointer 
extending up the aide of the leg aa shown ; the ex- 
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tremity of this pointer is made — by the springing out 
of the leg — to indicate the extent the article is above 
the required size. I believe that these callipers were 
devised by a workman at the establishment of Messrs. 
Penn & Son at Greenwich, and am inclined to think 
they would be much more used were they better 
known. 

The gauge is formed of a graduated slip of steel 
sliding in a stock of either the same material or bra?s. 
This is used to measure the depth of holes, cavities, or 
recesses, and for other purposes. Another convenient 
instrument is the temporary tool support, or arm-rest, 
which is simply a piece of steel with its end cranked 
up for about half an inch. It is set in a handle, and 
is used with the cranked part up, on the ordinary hand- 
tool rest, as a temporary or moveable support for the 
tool, and to obviate the continual necessity of shifting 
the rest itself. 

The woods chiefly used for plain turning are alder, 
apple wood, box, beech, holly, lignum vitaB, mahogany, 
and pine. A great many other woods are used, but 
chiefly for ornamental purposes, and then more for 
their rarity and colour than for any other superiority 
they possess over those above mentioned. Amongst 
the more beautiful sorts are the African black wood, 
black and green ebony, cam wood, Spanish yew, king 
wood, &c. These, and a multitude of other sorts, can 
be procured of dealers in foreign woods in wholesale 
quantities. They can also be purchased in small lots 
prepared for the lathe in various sizes, of almost any 
small-lathe and tool maker. Many of the sorts, how- 
ever, are rather expensive ; and therefore the tyro will 
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not find it advantageous to learn turning with them, 
but is recommended to have considerable practice on 
the cheaper sorts, before attempting to exhibit his 
skill on expensive hard wood and ivory. 

Woods for turning should be thoroughly dry, and 
well seasoned. It is great folly to use wood just as it 
comes from the tree. Even when it appears dry, it is 
a good plan, when it can be followed, to partially turn 
out an article and let it remain in a dry warm place 
before finishing it. It is very annoying to find, after 
having completed a very fine specimen of turning, that 
m .Ij- <»r two it ahoL rigTof cracking in tu di- 
rections, which, however, is the almost certam result 
of using wood not seasoned. 

If the wood be bought in the log, a piece should be 
cut out somewhat nearly of the required aze, the waste 
corners being sawn off and preserved for future use, 
either for portions of turned articles or for inlaying. 
The shavings of some of the ornamental woods are very 
useful for dyeing and staining other woods. 

These woods difier much in density, and theoreti- 
cally should have tools ground differently for each 
difference in hardness. Practically, however, this is 
not necessary, they being divided into two classes — 
soft and hard woods. Alder, apple wood, pine, ma- 
hogany, and beech belong to the former class, and are 
turned with the soft-wood tools. 

Nearly all the woods used for ornamental work, 
and lignum vitas belong to the class of hard wood, and 
are turned with the hard-wood tools. Box wood and 
holly occupy an intermediate position, and can be 
worked equally well with either sort of tool. Ivory is 

E 
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very similar in texture to some of the hard woods, and 
is easily turned by the same tools, and in a manner 
similar to hard wood ; but being more expensive than 
even the fancy woods, care should be taken that there 
is no unnecessary waste of material in working it. 

Besides these substances, there are others used by 
the ornamental turner. Amongst them may be men- 
tioned jet, cannel coal, bone, glass, Derbyshire spar, 
cocoa-nut shell, coquilla nut, ivory nuts, and india- 
rubber — the latter both in its usual state and vulcanised. 
These can be turned with the tools used for the various 
woods and metals, but they each require pecuhar 
treatment. Woods differing in density, besides re- 
quiring different tools, require different treatment in 
other respects. In the matter of speed lies one great 
point to be observed by the turner : but this is a point 
whereon authorities differ greatly. For instance, when 
turning soft wood, some advise that it should be run at 
a few hundred feet per minute, and others at as many 
thousand. Many also are of opinion that it cannot be 
rotated too rapidly ; but this is a mistake. It is very 
well known that when a tool is applied for some time 
to wood in rapid motion, the tool gets hot from the 
firiction, the extreme edge becomes of a blue colour, 
which indicates that its temper is reduced, and its cut- 
ting power is damaged. We judge fix)m this that the 
motion is too rapid, and we reduce it accordingly. If 
the tool be apphed intermittently, that is, applied to the 
cut for a few seconds, then removed for a short space 
and re-applied, the wood may be revolved much faster 
than if the cutting were made continuous. This 
obviously arises from the &ct of the tool being 
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partially cooled during the time of its withdrawal from 
cutting. 

Again, some turners can run their work faster than 
others without injury to the tools, which is to be 
accounted for by their holding the tools in such posi- 
sion as to cause less friction, and consequently to 
develop less heat. The two positions may vary from 
each other to an extent so very slight as to be quite 
inappreciable to the eye, and yet we can judge from 
ttie heating effects which is the better, and which gives 
out the most work for the power expended in driving 
the lathe. It will, therefore, be understood from the 
foregoing remarks that no arbitrary rule for the speeds 
can possibly be laid down, and a great variation may 
be made without alteration of efficiency : 2,000 feet per 
minute has been found to answer well, but experience 
with observation is the safest guide. For hard woods 
and ivory, a speed of from 300 to 800 is usually given 
the work per minute. 

The term ' feet per minute ' may require some 
explanation to enable certain readers to understand 
the meaning intended to be conveyed. By it is meant 
that so many feet must pass the tool in one minute. 
Thus, if the article be one foot in circumference, it 
should revolve 2,000 times if of soft wood, and from 300 
to 800 if of hard wood or ivory. The tyro should as- 
certain by calculation the circumference of the object 
he wishes to turn, until he gets sufficiently experienced 
to tell by simple observation. This power of judging 
is soon acquired by a careful observer, and, when once 
gained is scarcely ever lost. 

Having now described most of the appliances and 

b2 
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instruments, I will endeavour to give fuller information 
as to the method of using them in actual practice. To 
this end it wiU be as good a plan as can be adopted 
if a few examples be chosen, and the various steps to 
be taken and course to be pursued in turning them 
be fiilly detailed and explained. In order to communi- 
cate as much information as possible, these examples 
shall be of as varied a nature as can be chosen from 
amongst those of any use, and I will endeavour so to 
describe the mod/us operandi that even those persons 
who have not had the advantage of seeing such work 
performed, shall still be able to form a tolerably cor- 
rect idea of the method of proceeding. 

The First example shall be very elementary. We 
will suppose that we require to turn a cylindrical 
piece of wood, say 12 inches long and 4 inches in 
diameter, the wood to be one of those in the class of 
soft woods. First, select a piece of the required sort 
of wood, large enough to contain the cylinder, but as 
little above that size as is obtainable. If this piece 
have any rough projections or corners, they should be 
chopped off with a hatchet. The inexperienced turner 
will find it easier to judge of this if he take a pair 
of compasses and finds the rough centre of each end of 
the wood, and from that centre draws a circle rather 
larger m diameter than the cylinder is to be turned. 
By roughly chopping away the wood outside the circle 
at each end he will bring the wood somewhere about 
the required shape. This chopping is not absolutely 
necessary, but the shaping is more quickly done in this 
manner, whilst the chances of knocking off the edge 
of the tool are much lessened. 



PLAIN TURNING WITH HAND-TOOLS. 53 

If the centre be fixed in the hole of the lathe spindle, 
it must be taken out, or if any other chuck be on the 
spindle nose it must be removed. The drill-chuck can 
then be screwed into its place, and the prong-driver. 
Fig. 13, put into the hole of drill-chuck. The centre 
of one end of the wood is then placed against the 
centre of the driver, and held there by the left hand, 
whilst the right hand pulls the shifting headstock 
along the bed up to the work, and then fastens it 
down on the bed. The hand wheel of the headstock 
is turned so as to force the centre point of the spindle 
into the centre of the end of the wood, the pressure at 
the same time forcing the prongs of the driver into the 
other end of the wood. The greater the depth to 
which the driver is embedded in the wood, the more 
power it will drive, or the heavier the cut it will take 
without slipping. Unless forced in tolerably deep, a 
heavy cut, or sudden jerk caused by the tools ' catching 
in,' will cause the prong to slip and act as a drill, cutting 
a round recess, instead of a simple indentation. Occur- 
rences of this sort should be avoided as much as possible, 
as, although no great injury is done to the lathe or 
chuck, the work is rendered untrue, and would probably 
require re-turning. After the centre and the driver are 
properly forced up, the pressure should be taken off, 
and the centre just removed from that end of the wood 
to allow of a drop of oil being put into the indentation 
of the centre. The lathe should then be pulled round 
a few times by hand, whilst the rest holder and the rest 
are adjusted conveniently in position and height. By 
moving the lathe in this way an accident of otherwise 
frequent occurrence is prevented, as if the wood be at all 
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irregular in shape, or run out of truth, and the rest be 
adjusted close to the place in the wood having the least 
radius, it is obvious that on starting the lathe the part 
of greater radius will come round into contact with 
the top of the rest, and the belt driving the lathe will 
either slip, or the wood be burst from its centres, and 
projected with force into the operator's face, or perhaps 
through a window, if one be near. This occurrence 
should be avoided even more carefully than the last. 

Take a pair of callipers, Fig. 55, and set them by a 
graduated straight edge or rule to the required dia- 
meter, namely four inches. Set the lathe in motion, 
at the right speed, and apply the gouge. Fig. 23, to the 
wood, until the whole length is reduced nearly to the 
right size, as indicated by the caUipers. When down, 
the rest will probably be too far from the work, and 
require re-adjusting. The chisel, Fig. 24, or the scraping 
chisel. Fig. 25, is then to be apphed till the callipers 
will just drop over the work. 

It must be remembered that, for a pair of caUipers 
to gauge properly, they must be applied to the work 
precisely at right angles with the line of centres. If 
held ever so slightly across, the indications will be in- 
correct, as the work will necessarily have to be turned 
too small, to allow the calliper legs to pass over ; the 
hypothenuse of a right-angled triangle being greater 
than its base. 

And now a few words to explain the manner of 
holding and applying the tools whilst turning the wood 
down to size. 

The tools being placed in suitable handles — ^Fig. 58 
VB a good shape — ^they are grasped by both hands, the 
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left being placed on the tool itself, not for from the 
cutting edge, and the right upon the end of the handle 
fiirthest from the edge. The cutting end is then placed 
on the rest, and iQclined upwards, something like 
Fig. 51. The left hand is pressed down upon 
the tool so as to keep it firm upon the rest, 
and suffident pressure is put at the end of the 
handle by the right hand to keep it steady in 
cut. The tool is traversed or guided along 
the rest by the left hand, but the point is 
forced into the cut, and raised or lowered by 
the right. 

All the tools — ^whether for sending or 
cutting — are held in a similar manner, but 
those for scraping are placed upon the rest 
and applied to the work horizontally, as 
shown at Hg. 52. The chisel. Fig. 24, should 
not be used as a scraping instrument, not being 
adapted to that work ; but the scraping chisel, 
Fig. 25, may be used in that manner with good effect, 
if the edge be kept very keen and smooth. When 
usiog the scraping tools, the rest must be lowered to 
allow the top of the tool to come level with the centre. 
The chisel. Fig. 24, should be held inclined as at Fig. 
51, with its cutting edge oblique to the axis of the 
work. 

The work in hand is not yet finished, however, as it 
yet requires to be made of the right length. Take 
the gouge, lay it on its side on the rest, with its bottom 
towards the end to be cut off, and its point inclined 
rather above the centre of the work. Qrasp the end of 
the handle firmly with the right hand, if turning down 
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the right-hand extremity of the wood, but with the left 
hand if turning the left extremity, and gradually push 
the cutting edge towards the centre, lowering the point 
of the tool as it approaches the centre. It requires 
some Uttle skill to use the tool in this manner, as if 
allowed to turn over to its usual position, a terrible 
* catch in ' and considerable damage is the frequent re- 
sult Care should be taken not to allow the edge of 
the tool to come against the steel centre, or the chuck. 

If the end thus turned requires to be very true it 
may be touched over with the diamond point or V-tool, 
Fig. 26, held flat on the rest with its cutting edge in 
the position shown for soft-wood scraping tools at 
Fig. 52. One end of the example having been turned, 
its length, 12 inches, should be marked off, the super- 
fluous length turned away, and the end finished in the 
same manner as before. The rest should never be 
allowed to remain too far from the work, as that 
.lessens the workman's command over his tool, and 
renders the latter far more Ukely to ' catch in.' The 
trouble of adjusting the rest is not very great, nor does 
it take much time. The beginner should more es- 
pecially be careful about the position and stability of 
his rest. Although the experienced turner is also 
careftil, it is more from habit than necessity : as to 
him it makes but Kttle difference whether the rest be 
rather too far from the work, or even whether it be 
firmly fastened to the bed or not. 

The great difficulty beginners have is to hold the 
tool still upon the rest, as, when the work happens to 
be irregular in shape, they cannot prevent the tool fix)m 
going in and out with the irregularity. But this should be 
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overcome as soon as possible, because every movement 
of the sort is fatal to the production of true work. A 
good workman, however rough the wood may be, can 
manage to hold his tools as firmly as if held in the 
slide-rest. By firmness is not meant rigidity, but a 
sort of elastic steadiness of the tool on the rest, which 
produces good work with little damage to the tools, 
and Httle exertion on the part of the workman. The 
reader m£^ find it somewhat difficult to understand 
the difference here indicated, but he will soon discern 
it if he carefully observe two turners, one good and 
the other bad, at work. Soft woods are rendered 
somewhat smoother than when only turned, either by 
holding a sheet of glass-cloth against the wood whilst 
it is in rapid motion, or by taking a handful of fine 
shavings, and pressing against the revolving surface. 
Curved portions are smoothed over beautifully by 
pressing the flat part of the gouge against them, whilst 
in motion in the lathe. The gouge must be firmly 
held, so that, although not cutting at all, it is nearly 
on the point of cutting, and when moved along care- 
fiiUy over the surface of the wood it has the effect of 
bm'nishing the work, by compressing those fibres on the 
immediate surface. Such polish is generally more lasting 
than that obtained in other ways. It is possible that 
the absolute truth of the work may be somewhat 
impaired, but not to any appreciable extent. 

The rest of the soft-wood tools are used in the 
same manner as those for hard wood, and I will there- 
fore choose the next example of the latter material. 
Let the example selected be the stem of a vase or 
pedestal, of the shape given at Fig. 59 ; its extreme 
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dimensions being, say, 6 inches long and 1 inch in 
diameter. Choose a piece of wood and cut it out 
roughly to a cylindrical shape, as previously explained. 
The prong- driver can be used, but perhaps it will be 
Fig. 69. better to use the driver shown at Fig. 14, called 
the cross-driver. 

This driver is one of the neatest and most 
convenient I have ever seen, although it does 
not appear to be much used. It holds more 
firmly than the prong-driver, b not so likely to 
split hard wood or ivory as the other, and 
turned work driven by it will run true if 
frequently taken from the lathe, and again returned 
to its place. Ejiock out the prong-driver from the 
chuck, and replace it by the cross- driver. If the 
wood be not very hard both driver and centre may 
be forced into the wood in the same manner as 
was explained in the last example for soft woods. 
Fig. 60. Very hard woods, ivory and metals, to be 
driven by this driver require two grooves 
or saw-kerfs cut at right angles to each 
other, see Fig. 60, and also the indenta- 
tion for the centre should be produced 
by a centre-punch. The work is put into 
the lathe, and the headstock and tool rests adjusted 
precisely as before described in the first example. Set 
the lathe in motion : for that size of work it should re- 
volve about 2,000 times per minute, and with the tool 
at Fig. 34, roughly turn the wood until nearly of the 
right size. Then with either of the tools at Figs. 31, 
32, or 33, square off* the ends and bring the piece to 
the proper length. Set the callipers to the size of 
the laigest place, and turn that place to its right 
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fflze, making the whole length of the wood nearly the 
same size or parallel. Bet the callipers to the next 
largest size required, and with a pair of compasses 
measure the distance that place is from one of the 
ends of the pedestal. Then apply the compasses to the 
work, so as to draw a line around the wood at the place 
required to be made of the less diameter. Apply the 
tool to the line, and turn this place down to its size, 
and so with the other principal parts of the work. After 
this, turn the intervening parts in such order as is con- 
venient, occasionally using the callipers to make sure 
of the right sizes. For turning any of the beads or 
mouldings it is better to use a beading tool, such as 
is shown at Figs. 45, 46, 47. These tools are to be 
procured of almost any shape or moulding, and where 
many beads or mouldings of the same shape are re- 
quired, such tools should always be used, as with them 
the work is certain to be uniform, and all the head- 
ings of the same shape. If the operator has not got a 
suitable bead-tool for his work, he must turn one por- 
tion of the bead at a time, and use such tools as will 
enable him to do this best. These beading tools are not 
indispensable — ^although very convenient— as almost 
any shape of bead can be made with the ordinary tools. 
The* general position for all the hard-wood tools when 
in use is shown at Fig. 53. Hardwoods are polished with 
very fine glass-cloth, and with their own fine shavings 
held in the hand and pressed against the wood when in 
motion. A little dean oil put about the shavings much 
improves the appearance of the work, by giving it a 
better polish, brightening the colour, and bringing up 
the grain of the wood. 

Our Third example shall be a small plain box, such as 
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is shown in Fig. 61, and we may suppose it to be made 

in hard wood. Take any suitable piece of wood, put it 

in the lathe, and turn down one end 

^' * of it parallel for a length rather more 

!than the length of the proposed box, 
and of a slightly lai^er diameter. True 
off the end of the piece so turned, and 
cut the length off from the remainder 
of the piece. 
Take off the drill-chuck and the driver, put on a 
spring-chuck of suitable size, and fasten the piece of 
turned wood into this, allowing rather more than the 
body of the box to project from the chuck. With the 
requisite tools square off the edges of the projecting 
end, and hollow out the wood to the depth and size 
required for the interior ; the depth is best measured 
by using the turning square, and the diameter of the 
cavity by setting the callipers as shown at Fig. 56. 
Take a pair of dividers, and make a line 
around the wood showing the width of the 
I rim or ledge a. Fig 62, and turn that por- 
tion down to its proper size. Then mark 
off the width of the part h, and turn that 
to its intended size. Take the parting tool, 
Rg. 41, and make a groove such aa c so 
as to cut off that part of the box and leave the piece of 
wood for the cover in the chuck. Now turn a cavity 
or recess in that to allow the rim a to fit into it * hand 
tight ' and to the proper depth ; push the two parts 
closely together, and then touch off the bottom of the 
box, making it quite flat or dightly concave. 

Remove the wood altogeUier from the chuck and re- 
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verse it, that is, place the bottom of the finished part into 
the chuck, taking care not to bind it in tight enough to 
injure it, and also before touching the work with the 
tools, taking care to adjust it so that the turned part 
runs perfectly trua The outside of the cover can now 
be completed, and the box is then finished. 

It is necessary that the inside of the box be taken 
out before the rim or ledge a is turned, because the 
removal of the interior wood allows the ring remaining 
to contract If, therefore, the rim were turned first it 
would contract and become smaller on the removal of 
the core. If the wood be not of a very expensive sort 
this core can be removed in shavings, and the shavings 
used for polishing the box ; but when such boxes are 
made of expensive woods or ivory the core should be 
removed entire, so as to save the material for another 
smaller box, or to be otherwise useful. 

To remove the centre entire, a set of interior partmg 
tools such as Figs. 42, 43, is required. A groove is first 
cut parallel to the sides of the box, as shown by the 
space between the two dotted lines in Pig. 62. That 
tool of the set of parting tools having the shortest point 
is then inserted carefully, and is followed by the others 
of the set, imtil a groove parallel to the bottom of the 
box is cut out. This groove is shown by the space 
between the two other dotted lines. When these grooves 
are cut it is obvious that the core of the box will fall out, 
and the inside can be finished to its proper size by the 
ordinary tools. In some cases, when the box is large, 
the core must be removed from two places, by making 
a hole of the depth of the cavity in the centre of the 
core, and inserting the parting tools both from this hole 
and from the circular groove as before. 
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The Fourth example is that of a sphere in ivory or 
hard wood — ^we will suppose it to be a billiard or 
bagatelle ball. 

Take any suitable piece of ivory, put it into the 
lathe to be driven by the cross-chuck, and turn one end 
of it as nearly to the spherical shape as you can judge. 
Take a piece of thin metal, and driU a hole through 
it of the same diameter as the sphere required. To 
drill a perfectly circular hole in sheet metal is a diffi- 
cult matter, the better plan therefore is to drill the 
hole rather smaller, and then to broach or ryme it out 
to its full size. CarefuUy cut the sheet iron or metal 
across the hole, so as to leave one perfect half circle, 
or it may be slightly less than half the circle. This is 
for a gauge. Fasten the rough ball in a spring-chuck, 
leaving not less than half outside the chuck's mouth, 
and carefully and gently turn down the part immediately 
outside the chuck nearly to the diameter of the re- 
quired sphere. Eemove the work from the chuck, and 
replace it so that one half of this ring is inside the 
chuck and the other half outside. Carefully turn down 
the projecting part of the article to fit the sheet metal 
gauge, remove it from the chuck, replace it in a reversed 
position, and again turn the projecting part to fit the 
gauge. The ball should now be a perfect sphere. But 
not many workmen are able to bring it nearly to that 
shape without many more changes of position, and even 
then it is not absolutely spherical But balls can be 
thus turned sufficiently perfect for most purposes, if 
great care and patience be exercised. 

For a Fifth example the vase Fig. 63 may be selected. 
Take a flat piece of the required wood, saw off the 
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comers, so as to roughly bring it to a circular shape, and 
plane off one side. Put the taper-screw chuck. Fig. 15, on 

Fio. 63. 



the spindle of the lathe, make a small hole in the centre 
of the wood, but no deeper than is required, and twist 
the wood on to the screw of the chuck, taking care that 
the planed surface beds well against the face of the 
chuck. Set the lathe in motion (the shifting headstock 
is not now required), true up the edges of the wood, 
both on the surface and the side, making the latter 
nearly of the right diameter. Eough out the interior 
of the vase, rough down the exterior nearly to its 
proper shape, after which finish turning out the interior, 
and then also complete the turning of the edge and 
exterior body of the vase ; and remove the work from 
the lathe. Take a rough piece of auy common wood 
rather lai^er than the edge of the vase, and not less 
than 1 inch thick. Screw this upon the same chuck, 
and turn in it a ring or groove of such a shape as wm 
allow the mouth of the vase to fit it, both inside the 
mouth and outside the rim of the mouth. Bub a 
little good chalk about the groove of this wooden 
chuck, and gently tack the mouth of the vase on to its 
place, care being taken that it beds well down on the 
chuck ; and that no particle of dust or grit be allowed 
to get between the surfaces of the work and the 
chuek, as that, of course, would cause the article 
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to run out of truth, and the turned portions to be of 
unequal thickness. 

These wooden chucks will generally hold work suffi- 
ciently fast to withstand a good-sized cut being taken 
off, but it is safer to work gently — especially at first — 
and not to subject the work to any jerk from pushing 
the tool suddenly into cut Should the work slip, a 
little more whiting will generally improve the holding 
power of the surface. 

For the present case, as the substance of the turned 
work is very thin, and the surfaces in contact are not of 
good angles for fast holding, it will be as well to bring 
up the shifting headstock, to put on a little gentle 
pressure, and the support of the centre — ^the mouth of 
the screw hole in that end of the wood being previously 
turned out a little to fit the centre. The remainder 
of the vase can now be finished without again shifting 
the work. 

The centre screw hole can be stopped up either with 
coloured putty, or by a plug of the same sort of wood 
as the article is made of. The vase can be turned 
without this hole being made, but as the hole is in the 
bottom and out of sight it is no disadvantage. 

For our Sixth example, let us take the piece of work 
usually termed Chinese balls. In this there are several 
balls contained one inside the other, and without any 
joint, so they must be turned out of the solid piece of 
ivory. 

First turn the outside sphere, as explained in the 
fourth example. The tools for turning the interior balls 
are sold in sets suitable for the work, of the shape shown 
at Fig. 44, but of various sizes. Two or more holes 
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must be turned to admit those curved tools. The 
smallest one of the set is then inserted in the hole, and 
worked sideways, so as to turn a portion of the groove 
which forms the inner sphere. The work is then re- 
moved from the chuck, and replaced so that the tool 
can be introduced through another hole. Another 
portion of the groove must then be cut as before, 
and so on until the innermost sphere is detached. The 
next in size of the tools is then taken, and the next 
sphere turned in the same manner, the operation being 
continued until the whole of the balls are completed. 
By the addition of a guide to the tools, as at Fig. 48, 
the difficulty of turning is much reduced, but to turn 
these balls properly requires great care and patience. 
The amateur must not, therefore, let a few failures 
discourage him. 

Besides spheres being turned in this manner, with 
other balls inside them, spheres, cubes, and solids 

Fig. 04. Fio. 66. FiQ. 06. 
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of almost any number of sides can be turned having 
spikes and other shapes inside them, as at Figs. 64, 65, 
66. Most of these things require tools especially 
adapted to the work, but cutting on the same principle 
as those already described. It will not be necessary 
to give more examples, as those already chosen are 
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sufficient to indicate the general mode of procalure 
for almost any article that the lathe is calletl upon to 
make. 
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When turning out articles the interior of which 
cannot well be seen, the amateur will find it a good 
plan to lay down a section of the required shape on 
paper, and arrange in his mind the shaped tools he 
will require, the portion of work to be executed by 
each tool, and the order in which the various parts of 
the work can be the most safely and conveniently 
performed. 

The several articles shown at Fig. 67 formed part 
of one of the Worshipful Company of Turners' exhi- 
bitions. The central vase was made and exhibited 
by Mr. Edwin Baker, and the other articles by Mr. 
Battersbie. 

HAND-TURNING IN METALS. 

The materials hitherto spoken of are compara* 
tively soft and easily worked ; but the metals, being 
much harder, require different treatment and different 
tools. 

Amongst the metals, however, there is as much 
variation in texture and density as amongst the woods. 
The difference is not only between dissimilar metals, but, 
even in the case of the same, the density varies so much 
that whereas some pai-ts can be turned almost as easily 
as wood, other parts cannot be satisfactorily turned even 
by the most powerful and best tempered tools. The 
metals chiefly used are wrought iron, cast iron, malle- 
able cast iron, steel, and brass. Other metals, such as 
copper, lead, zinc, &c., sometimes require to be turned, 
but as their application to articles which have to be 
turned is very limited, and they can be cut well enough 
for most purposes with the tools used for the other 

V 2 
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materials, it will suffice if I explain the methods adopted 
for tm-oing the metals first mentioned. 

Some specimens of wrought iron — Low Moor, for 
example — are very easily worked in the lathe, the 
shavings coming ofi* in lengths, having one side of 
great brightness, and with a pecuUar metallic click, 
well understood by the experienced turner. Although 
this description of wrought iron is so easily cut, the 
tools goon lose their keen alges, but the points are 
seldom broken off. When, therefore, a large quantity 
of this iron has to be turned, it is a good plan to 
temper the tools slightly harder than for other work. 

There are other descriptions of wrought iron, which 
turn only with great difficulty, as the tools are con- 
tinually being broken off, although their keen edges 
fire not materially blunted. Other sorts again contain 
veins of vitrified oxide, so hard that the tools are 
blunted immediately they are applied to the work, and, 
if not soon removed, their edges are cracked away in 
such a manner as to require much grinding to again 
fit them for use. These hard veins do not always 
arise from the description of iron, but from imperfec- 
tions in its manufacture. Iron is also sometimes met 
with containing numerous hard patches, and small pins 
of steely iron ; this is known by the term ' pinny iron,' 
and is, equally with the last, the utter abhorrence of 
the turner. 

Sometimes, but not often, iron of this sort may be 
turned by running it very slowly : at other times no 
manoeuvring on the part of the workpian will enable 
him to turn it, but when the tool is applied, its edge is 
quickly rubbed away, without cutting the metal. And 
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if the tool be pressed with more* force to its work, the 
friction is so great tliat sufficient heat is generated to 
quickly reduce the temper of the tool to a deep blue 
colour. When this has been done, the tool usually has 
to be not only re-ground, but re-tempered before it can 
again be used. These hard pins may sometimes be 
removed, or generally softened somewhat, by two or 
three heatings and quenchings in water or oil, followed 
by a careful annealing. 

Steel is turned by the same tools, and in the same 
manner as wrought iron. If carefully annealed no 
difficulty whatever is found in turning it, nor are the 
tools much damaged or soon blunted. 

Most amateurs, and many professional turners, do 
not pay that attention to the softening of their steel 
that they should do. They either put it into the lathe 
just as it is cut from the bar, or, if heated at all, the 
steel is generally considered sufficiently annealed when 
thrust into the ashes of the forge, and allowed to get 
cold. Sometimes, indeed, it is not even allowed to do 
that ; but directly it ceases to be red hot — still hot 
enough severely to burn the hands when touched, it is 
immersed in the cooling trough. All these practices 
are to be condemned, as it is bad policy to attempt 
to turn steel that is not properly and thoroughly an- 
nealed. The labour expended in annealing it is far 
from being thrown away, as, when well annealed, the 
steel may not only be turned with greater ease and 
with less damage to the tools, but it may be driven 
much faster and turned with greater certainty of being 
* true.' 

Cast iron is generally rough-turned by hand with the 
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same tools as wrought iron and steel, but it is finished 
by tools differing altogether fix)m those used for rough- 
ing. Some sorts of cast, iron are so soft that they can 
be turned like cheese (I must, however, admit I have 
never turned this latter material). Other sorts are very 
hard, and for rough turning require tools ground to an 
angle much less acute than that used for wrought iron. 
But the same tools are used for finishing both hard and 
soft cast iron. 

The outside skin or scale of cast iron is frequently 
so very hard that the tools will not * touch ' it. It is there- 
fore a good plan either to chip off, or grind away a small 
portion of the scale, so that the tool may be appUed to 
its cut first at the place so cleared of scale, and worked 
away from it. When once the tool is imder the scale, 
it will seldom be much injured, but if the article be 
rather out of truth, and will not admit of a cut of 
sufficient depth being taken off it to get below the 
scale, then the workman has a great deal of difficulty 
in getting his tools to ' stand,' and in finishing his work 
perfectly true. 

The edges and corners of castings, especially when 
small, are frequently hard or ' chilled,' not only at the 
surface or scale, but for some depth in the metal. It ia 
not often that annealing will soften or remove this 
' chill,' nor do I know of any simple process whereby 
this may be done effectually. Ordinary turning tools 
will not remove these chilled portions, but an old file 
or a piece of grindstone forced against them will gener- 
ally do so. The operation is rather slow, however, 
and no dependence can be placed on the truth of the 
work so done. 
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Malleable cast iron occupies a position midway be- 
tween cast iron and wrought iron. When thoroughly 
malleableised — ^which, by the way, is not always the 
case — the iron may be turned as easily as ordinary 
wrought iron, the tools being perhaps blunted rather 
sooner. When, however, the cast iron has been but 
imperfectly malleableised, half the turner's time is taken 
up in grinding and repairing tools. There is now far 
greater chance of getting good malleable iron than 
there used to be ; the art of converting cast iron into 
malleable iron being better understood. 

Brass and gun metal are also to be obtained of every 
degree of hardness ; but for articles to be turned the 
metal is usually of medium density, and then it is cut 
without much difficulty. These metals are turned with 
tools similar to those used for cast iron, but at a 
greater speed. When turning them care should be 
taken that the bright r<iys of the sun are not allowed 
to fall directly on the work, otherwise the light reflected 
from the shining metal surfaces will so much dazzle 
the operator's eyes, as to greatly inconvenience him, 
and in time to permanently impair his visual powers. 

In metal turning of all sorts, but especially brass 
turning, the shavings fly ofi* from the tool with force 
sufficient to project them many feet from the work, and 
as, when detached, the shavings are of a high tempera- 
ture, when they fall upon the naked skin the sensation 
produced is far too warm to be agreeable. A hot 
shaving falling inside a workman's shirt sleeve, or down 
his neck inside the collar, will usually cause him to 
drop his tools and commence shaking himself with 
considerable vigour and earnestness. These shavings 
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appear to have a peculiar knack of finding out all the 
most tender and sensitive parts. Projected into the eye, 
I have known a steel shaving .produce blindness ; pro- 
jected around the eyes, metal shavings will often raise 
a blister, and cause the most exquisite pain, which is 
only to be thoroughly appreciated by those who have 
experienced it. 

With regard to the rotation of objects in the lathe, 
the metals are treated in the same way as wood and 
ivory, the work being set in motion, and the tools ap- 
phed to those parts to be reduced ; but the manner in 
which motion is communicated to the work is somewhat 
different from that for woods. Whereas long pieces of 
wood are usually driven by a driving chuck, and sup- 
ported by one centre, long pieces of metal are supported 
by both centres and are rotated by a separate driver. 
The centres used for ordinary metal turning are very 
much the same as those for woods, the angles only 
differing, as will be seen on referring to Figs. 68 and 69. 
Fig. 68 is best adapted for wood, or very small metal 
work. The angle of its point is 60°. Fig. 69 has an 
angle of 80°, which is a good angle for ordinary metal- 
turning. Both centres are of steel, with their points 
careftiUy hardened and tempered. The part under the 
shoulder is made to screw into, and nicely fit the centre 
hole of the lathe spindle. The wrench or instrument 
for screwing and unscrewing them is shown at Fig. 22 
in position for use. The internal, reverse or female 
centre. Fig. 70, is of steel, made to fit the lathe- 
spindle in the same way as the last ; but instead of 
being fonned with a coned point, it has a coned recess, 
as shown by the dotted lines. The ordinary carrier 
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or driver for round iron is shown at Fig. 7 1 : it is made 
of iron and fitted with a steel screw. 





The caraer,or driver for flat and square iron is shown 
at Fig. 72 ; it is made of two pieces of flat iron, and with 
the tightening screws of steel. The carrier for screwed 
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work, at Fig. 73, is of either iron or steel ; the hole 

TiQ. li. Fio. 76. 



9 



shown through it, is tapped with a screw thread of the 
same size and pitch as the article to be driven. 



Various sizes of each sort of carrier are in very fre- 
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qucnt requisition, and are indispensable to the turner 
in metals. 

The centre-punch, Fig. 74, is of steel : its j-jq_ 7g_ 
point a ia made with the same angle as the 
lathe-centres, and is careftilly hardened and 
tempered. The indent-punch b similar to the 
last, but its point b ia ground to an angle much 
more acute than the last. The centering cone. 
Fig. 75, is in two parts, the box or cone a 
and the sHding punch b. The former is made 
oi iron or brass, and the latter of a straight 
cylindrical rod of steel, pointed with the same 
angle as the lathe-centres, and carefidly hard- 
ened. This rod is free to slide np and down 
the hole in the cone box. The illustration will 
sufficiently explain the instrument. 

The driving chuck at Fig. 76 is usually of 
cast iron : the driving pin or arm is of wrought 
iron or steel, and is festened to the plate by 
passing through a hole and having a nut be> 
hind. The plate has a boss fitted with a screw 
thread for screwing on to the spindle of the 
lathe. A very good form of driver is that 
known as Clement's driver, seen at Fig. 11, on 
in place. This driver has two arms attached 
to a separate plate, on the face of the main 
plate, and capable of moving so as to cause both driving 
arms to bear equally against the hithe carrier. The 
die-chuck, Fig. 77, is made of iron, with steel screws. 
It is screwed on to the lathe-spindle. 

The round mandril. Fig. 78, is merely a round bar of 
steel, carefully turned to a standard size; its ends 
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are drilled with small holes, countersunk to fit the 

lathe-centres, and afterwards carefully hardened. The 

shape of the mandril end is shown enlarged at Fig. 79. 

Fio. 79- It must nm perfectly true, and ehould 

be either quite parallel or very slightly 

tapered. Many sizes are required. The 

screw mandril, Fig. 80, is of steel, and 

has a true standard thread cut upon it. 

This thread may be either right or left 

handed, or both, as seen in the figure. 

The mandril ends are made of the same 

shape as the last, and are hardened. Screw mandrils 

of various sizes and pitches of thread are in frequent 

request. The tool-rest, Fig. 82, is of wrought iron. 

Fig. 80. 



and its shank is turned to fit the socket of the rest- 
holder of the lathe. Other shapes than that shown 
are occasionally required for peculiar work. 

Fig. 81 is the ordinary hook tool used for roughing 
wrought iron, steel, cast iron, and malleable iron ; a 
is the case or holder and h the tool, which, fitting a 
groove the whole length of the holder, can be slid farther 
out as the tool wears away. It will be noticed that the 
tool passes through a sort of staple, so that by twisting 
the handle c in one direction the tool is firmly fastened 
between the staple and the bottom of the groove in 
the holder ; and by twisting the handle in the contrary 
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direction, the tool is 
released and can be 
withdrawn entirely 
from its place There 
are two sorts of this 
hook tool : one has its 
cutting edge ground 
off to a round shape 
as at B, the other has 
a pointed or angular 
cutting edge as at a. 
The tool having a 
round cutting edge is 
used entirely for 
roughing ; the angular 
tool is used for rough- 
ing down any small 
works in metal, and 
for trueing up the 
ends of articles, the 
sides of collars, and 
flat Hhoiilders. Both 
tools are held in the 
same manner, and the 
position in which they 
cut is shown at Fig. 
83, a being the work, 
and b the tool. The 
rest or support for tlie 
tool is that shown at 
Fig. 82. 

The handle c of the 
tool-holder is grasped 
by the right hand of 
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the operator ; the extremity of the holder farthest from 
the poiot of the tool is laid on the shoulder, the left hand 
Fig. 82. being placed upon the holder 

between the handle, c Fig. 81, 
and the shoulder, and the point 
of the tool held about level with 
the centre of the woA. 

This is a very effective tool, 
but its use is not easily learnt. 
Beginners find it difficult to 
prevent the tool 'catching in' 
and taking a much deeper bite out of the metal than is 
necessary or desirable. When this occurs, the work, 
the tool, or the lathe-centre is certain to receive some 
Fia. 83. damage ; and in certain cases 

the operator is lifted off his feet 
before he knows what the mat- 
ter is. After the use of the tool 
is learned, it is one of the easiest 
to manage. It will cut off the metal in large deep 
shavings, and may be held and guided by a couple of 
fingers. All workmen should be able to use this tool 
from either shoulder. 

These hook-tools should vary in shape according to 
the height of the user, as will be evident to all who 
examine the illustration, Fig. 83. The difficulty of 
using increases with the angle of the tool ; the tool 
being a lever of the first order, of. which the 'heel' 
or point bearing on the rest is the fulcrum. The 
weight is applied at the cutting edge, and the power 
at the other end of the handle. It will therefore be 
understood that the nearer the cutting edge is to being 
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in a vertical line passing up through the fulcrum or heel 
of the tool, the less will be the force required at the 
other end to counterbalance this weight on the cutting 
edge. The weight, of course, is the resistance of the 
metal to being cut. 

There are other varieties of this tool in which the cut- 
ting part is shaped so that the handle has to be placed 
under the shoulder, instead of on it ; they are used in 
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the same manner as the first mentioned, but I do not 
consider them equal in efficiency, and facility of using. 
Both sorts, however, may be manipulated with very 
little exertion, the workman only having to guide the 
tool, all the weight of the cut being borne by the 
tool rest. I have nevertheless seen illustrations of a 
workman using a tool of this sort, and hanging on to it 
as though his life depended on the amount of force he 
could expend upon the tool. Such illustrations are not 
true to good practice. 
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The other tools for roughing iron are the graver, Fig. 
84, the side tool Fig. 85, bolt head tool Fig. 86, and 
Fi8. 91. cranked tool Fig 87 ; there are numbers of 
others, but these are amongst the best. The 
graver is of almost universal application. It 
is merely a square rod of steel, ground off to 
a diamond shape, and haKlened at the end. 
The point and the two projecting sides form 
the cutting edges. 

The side tool ia made of a triangular rod 
of steel, ground off as seen in the figure. 
The point, and the side of the triangle pro- 
ceeding from the point, form in this case the 
cutting edges. As its name implies, it is 
used for side work, such as for turning the 
sides of collars, the ends of cylindrical rods, 
&c. ; and this it will do, either to the right 
or left hand. 

The bolt Iiead tool is only used for tolerably 
heavy work ; it has four cutting edges, and 
will take off a very heavy cut. The cranked 
tool has two cutting edges. It is used prin- 
cipally for turning the sides of collars, or 
parts at an angle to the centre line of the 
work, which it does with greater truth than 
the other tools sometimes used for that 
purpose. 
The chisels. Figs. 88, 89, 90, are used for smoothing 
and sometimes finishing articles of wrought iron, cast 
iron, malleable iron and steel. They are all used in a 
handle as shown at Fig. 91, and are generally made 
with three shapes of cutting edge, flat as in Pig. 88, 
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angular as in Fig. 89, and half round as at Fig. 90. 
This difference, however, is only in the grinding, their 
sections being alike. The under edge of all these tools 
is serrated, so as to give tliem a better hold on the rest, 
and prevent them from slipping off. The position for 
holding them on the rest will be seen by referring to 
Fig. 92. 




Fig. 93 is the tool used for polishing wrought iron 
and steel. Its bottom is laid on the rest, so that the 
cutting edge is just level with the centres (see Fig. 94) : 
it is then moved carefully along the rest, and only a 
very slight cut, or scraping of metal is taken off by it. 
Meanwhile the surface of the wnrk is kept well moistened 
with oil or water. This tool requires considerable care 
and caution to prevent its ' catching in,' but, when it is 
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properly used, a very bright smooth surface is given to 
the work. 

Caet iron is smooth-turned by the tools or scrapers 
shown at Figs. 95 to 103. These are of various shapes for 
various kinds of work, but they are all of the same side 
section as given at Fig. 104 ; and their cutting edges 
being all ground off at right angles, they may be used 
either side uppermost. They are placed flat upon the 



rest, with the cutting edge about level with the centres 
(see Fig. 105). The tools for roughing wrought iron, 
cast iron, and steel are made with a cutting angle of 
between 60" and 80° ; and for polishing cast iron and 
brass, with an angle of 90°. 

The clamps, Fig. 106, and the glazing stick, Fig. 107, 
are used for polishing cast iron, wrought iron, malle- 
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able iron and steel. The clamps are lined with lead, 
fls shown in the figure. 

With regard to the best tools for turning brass and 
gun-metal, there is agreat diver- F188.102. 103. 104. 
sity of opinion. Some maintain 
that the ordinary hook-tools are 
the best when they are blunt ; 
others prefer tools of circular 
sections which theyrollalongthe 
rest; others use tools of square 



section, and cut with all four sides, when one is dull 
the others are used in turn. This tool is effective, and 
when dull m easily ground. 



Without, however, being able to lay clam to a 
long Ufetirae of expeiience, I have, nevertheless, turned 
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some hundredweights of brass and gun-metal, and, 
having tried all the tools, have found the hook-tools 
very liable to ' catch iii' ; the round-section tool liable 
to slip off the rest, and to require a deal of forcing to 
make it take a good cut ; the square-section tool to be 
good, but only applicable to straight-work ; but the 
ordinary round -noaed chisel, Fig. 90, to be well adapted 
for roughing every sort of brass. It can be used either 
upon straight or curved work, it is not Uable to ' catch 
in,' does not require violent forcing, will take a light 
or heavy cut, does not easily lose its edge, and when 
dull ia easily ground. It should be ground with a 
cutting angle of about 80°, and placed upon the 
fio, 108. rest, as shown at 

Fig. IDS. For fin- 
ishing or smooth- 
ing brass and gun- 
metal, the same 
scraping tools are 
used, and in the 
same mannerasfor 
cast iron. With regard to these tools, some prefer 
them to be thick and clumsy, and use them upon the ordi- 
nary reat ; others use very thin scrapers, and to prevent 
' chatter' place a piece of hard leather between the rest 
and the tool, to act as an elastic cushion, and todeaden the 
vibration. The best-formed scrapers are those thin at 
the cutting edge, but increasing in thicknessand strength 
gradually towards the handle ; and these can be used 
upon the naked rest without chatter. The chasing or 
wood-turning rest is the best for use with these tools ; 
it should not be too far from the work, and should be 
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adjusted so that the tool edge will come just level with 
the line of centres. 

With regard to the proper speed for turning metals, 
it will at once be seen that owing to their being harder 
than wood, they should be driven at a lower speed 
whilst being cut. 

For wrought iron a speed of from 18 to 22 feet per 
minute is found to answer welL Veiny iron or pinny 
iron must be turned at a much slower speed. 

Steel well annealed will turn well at 18 or even 20 
feet per minute, but if improperly annealed a speed of 
14 or 15 feet can seldom be exceeded without damag- 
ing the tools. 

Brass of medium or u&ual density should be driven 
at about 100 feet per minute ; if very hard, the speed 
should be about 40 feet, and for very soft about 150 
feet per minute. 

Lead is usually turned when being driven at about 
200 feet per minute. 

It will be understood that these speeds apply only 
to hand-tool turning, and then only for small diameters. 
When the diameter of the work exceeds 1^ or 2- 
inches the circumferential speed for turning must be 
slightly reduced. This necessity arises from the tool 
being longer in contact with the metal and having less 
time, comparatively, to cool between the cuts. When- 
ever, in turning, the tools get much or quickly blunted, 
or their edges become of a yellow or blue tint, the 
workman may conclude that he is driving his work too 
fast ; and he must then regrind his tools, and reducie the 
speed of the work. When polishing metal work it is 
driven much faster than when turning it. Wrought 
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iron and steel are sometimes smoothed over after the 
tools with a fine file ; but the practice is not to be re- 
commended, as work is rendered untrue by much filing. 
Some workmen have a great objection to files, and will 
not allow one to come near their work, others scarcely 
take a piece of work from the lathe without its having 
been filed to excess. The former is prejudice, the 
latter is laziness. 

Work requiring great truth should not be touched 
with a file, other work may be rubbed over once or 
twice with a smooth file without being injuriously 
affected. When a file is used it should be either a 
' smooth ' or a ' dead smooth ' and not a new file. Its 
surface should be moistened with oil, and all * pins ' or 
particles of iron jammed between the teeth removed 
before using. The file should be gently pressed upon 
the work, and pushed slowly forward as when filing 
work in the vice, the article being revolved about 
double the speed used when turning it. After this filing, 
the work is polished in the usual way. 

When thepohshing tool. Fig. 93, is used as before- 
mentioned, no filing nor further polishing is required, 
the surface being left very smooth and bright. But for 
poHshing those shapes in wrought iron and steel where 
the polishing tool is not admissible, and for polishing 
filed work, emery cloth of various degrees of coarseness 
is pressed against the rapidly revolving work. A little 
oil is generally used on these metals, but for cast iron 
an:! brass the emery cloth is used dry. For polishing 
curved work in iron and steel the glazing stick is also 
used. There are two sorts of these tools, but both are 
of the same shape, and made of soft wood cut to the 
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shape shown at Fig. 107. Oue, however, is dipped in 
glue and then into emery powder, and allowed to get 
dry before using — this is used mostly for cast iron. The 
other is dipped into a mixture of emery and oil, and 
pressed against the work wet — this latter is chiefly used 
for wrought iron and steel. 

The clamps, Fig. 106, are perhaps the best instru- 
ment for polishing parallel bars of iron and steel. Some 
emery and oil being placed in that groove of the clamps 
which best fits the work, the instrument is placed over 
the work, so as to hold it between one of the grooves or 
notches. The handles are then pressed tightly together, 
and the clamps moved slowly backwards and forwards 
upon the rapidly revolving metal, until the tool marks 
are obliterated, and the surface of the work is bright 
and smooth. In course of using, the oil dries Up, and 
the emery gets wasted; it is necessary therefore to 
frequently supply a little more emery and oil to the 
grinding surfaces. Brass is left tolerably smooth by 
the scraping tools, but if a little extra poUsh be required 
it is given it by means of very fine well-worn emery 
cloth used dry — new emery cloth does not answer so 
well. When either iron, steel, or brass has to be very 
brightly polished, a little crocus, rottenstone, or rouge 
powder on a piece of soft chamois leather, is applial 
to the work and gently pressed against the rapidly 
revolving surface. 

Let us now take an example or two to illustrate the 
usual mode of procedure in turning metal by hand- 
tools. The first example shall be the same as in wood, 
or a plain cyhnder, say, 6 inches long and 1 inch 
diameter but in wrought iron. 
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First cut off a piece of rod iron, about 1| inch 
diameter and 6^ inches long, and if the ends be very 
rough, slightly smooth them over with a rough file or 
by putting them against the grindstone. 

With the centre punch. Fig. 74, knock in a centre 
mark at each end of the piece, as nearly in the middle 
of the end as can be managed. The cone- centre box. 
Fig. 75, is the best instrument for the beginner to use 
for this purpose, as with it he is more Ukely to centre 
his work correctly. When using it, to ensure cen- 
trality it is only necessary to place the work in a vice, 
and apply the cone to its end, as shown in the figure, 
taking care to hold it upright, and then give a smart 
blow to the sliding punch with a hammer. 

Put both centres in the lathe, and adjust the head- 
stock to receive the reqnired length of work ; then run 
the hand over the iron so as to revolve it and to see 
whether it is truly centered. If it be not, hold a small 
piece of chalk steadily on the rest, and against the work, 
so as to just touch those parts which are farthest from 
the centre. Eemove the work from the lathe and knock 
tlie centre-mark sufficiently towards that side touched 
by the chalk, to counteract the eccentricity. Eeplace 
tlie work in the lathe, and if it do not then run true, 
continue chalking it and forcing the centre towards the 
chalk marks until the iron runs as true as required. 
Absolute truth is not necessary, but no part should be 
as much out of truth as tlie rough iron is larger in 
diameter than the finished size required, otherwise some 
portion of the black sade will be left unturned, and 
the work will not * hold up to size.' 

Now knock in a deeper indent with the indent 
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punch ; put the driving plate on the lathe-spindle, and 
see that the pin or arm is fastened on firmly, as, if 
loose, it may fly out and do some injury. Put a carrier 
of the right size on one end of the piece of iron, and 
put the iron between the centres with the carrier 
towards the driving-plate, and so that the arm and not 
the screw end of the carrier engages with the driving- 
pin. A Uttle oil being then dropped about the other 
centre, the work is ready to be put in motion. 

The moving centre should be kept well oiled, as if 
allowed to get dry, the surfaces will abrade and cut 
each other so as to throw the work out of truth, and 
also to wear away the extreme point of the lathe 
centre. The deeper point made by the indent punch 
acts as a cavity for holding the oil, and it also prevents 
the work touching the point of the centre ; the deeper 
cavity should always be made either with the indent 
punch or a drill when much has to be done to the 
work. 

In using the carriers, it is a bad plan to make a large 
carrier do for small work, as it is very clumsy, and in 
revolving rapidly the unbalanced momentum of the 
carrier causes the slight work to vibrate, so that the 
turned parts are not true — the tightening screw of the 
carrier is also liable to be broken off when thus used. 

The rest. Fig. 82, is to be put in to the rest-holder, 
and adjusted so that the point of the round-nosed 
hook-tool. Fig. 81, will just be on a level with the 
centre, when the tool is held in position on the shoulder 
— the rest must be firmly fastened in place, as it has to 
bear considerable pressure. 

Set the spring-indicating, Fig. 57, or other callipers, 
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to the required size — 1 inch. With the point hook-tool 
or a bide tool, turn off the end of the iron, either quite 
fiat, or slightly convex, as required. Reverse the 
work in the lathe, and turn off the other end to shape, 
and so as to make the work the proper length. Then 
commence anywhere in the length of the work, and 
with the round hook-tool held as directed, rough down 
the metal nearly to its proper diameter. It is best to 
do this first in several narrow bands at intervals of 
an inch or so along the rod ; as these turned portions 
then act as a guide in roughing down the other parts 
without having to use the callipers. When all that 
portion is roughed down, again reverse the work in 
the lathe, and rough down that portion of the work 
previously covered by the carrier. Now take the flat 
chisel. Fig. 88, and turn down several bands to the 
finished size, or very nearly so ; and finish turning the 
whole length in the same manner as before, carefully 
using the callipers at short intervals to see when the right 
size is attained. In putting a carrier on to work which 
has been smooth- turned, in order to prevent the point of 
the tightening screw jamming against the bright work 
and disfiguring it, a piece of sheet brass or copper 
should be bent to a ring to encircle the work and come 
between it and the carrier. The work being turned to 
size can now be polished by any of the methods pre- 
viously explained — the relative positions of the tools 
and work of various materials are shown at Figs. 1)2, 
94, 105, 108. The figures explain themselves to a 
great extent. 

For a second example, take a brass ring, say ot 
l.]j-inch diameter, 1 inch wide, and having a hole 
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through it f of an inch diameter. Such a piece of brass 
would be obtained by casting it from a wooden pattern 
slightly larger than the finished ^ize. The hole having 
been made — the method of doing this will be explainal 
hereafter — ^take a |-inch standard mandril, Pig.- 78; 
put the ring on this, and hammer it well on. 

To knock work on or off mandrils, a mandril-block 
should be used, the work placed with its hole just over 
the hole in the die of the block, and the mandril put 
through both holes, and, if a small mandril, it should 
be knocked in with a mallet or soft iron hammer. 
If an ordinary steel hammer be used, it must on no 
account be struck direct on the end of the mandril, as 
that would probably cause a piece of the hammer or 
the mandril end to fly oflT, and so injure the mandril, 
or if the mandril end be rather soft it would be ham- 
mered out of shape, so that when placed between the 
centres it would not run true. A piece of lead or 
copper shoiUd therefore be placed upon the mandril 
end, and the hammer struck upon that. 

If the work be very heavy, it may be driven on or 
off without any hammer, by lifting the mandril with tie 
work off the ground, and allowing it to fall with its 
end on to a block of wood or lead ; the motion of the 
mandril being thus suddenly destroyed, the momentum 
of the collar will generally suffice to drive it either on 
or off the mandril as the case may be. In driving a 
collar on in this manner, the small end of the mandril 
must be held uppermost, and the large end be brought 
down against the wooden block ; in driving the work 
off, the ends must be reversed. 

The practice of striking out mandrils with a centre 
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punch is to be strongly condemned, so also is that of 
using the ordinary steel-faced hammer direct upon the 
mandril end. 

In hammering such articles as wheels or pulleys with 
armsv on and off mandrils, they should not be rested 
upon the rim, but upon the boss or the metal nearest 
the hole ; and if the rim project in the way, a collar 
should be put on the mandril between the boss and 
mandril block, to transfer the force of the blow to the 
boss of the pulley. 

To return to the example which is now on the man- 
dril, put a carrier on the end of the mandril, and let the 
point of the tightening screw jam against the flat, cut 
on the mandril end. Place the mandril between the 
centres, and put a drop of oil about the centre previous 
to screwing the spindle tight up. The centres should 
be screwed up only just tight enough to hold the work 
between them without looseness ; so tight that when 
the end of the carrier is taken in the fingers, and the 
work pulled round, the workman can just feel the 
resistance. 

Now adjust the rest for using the round-nose chisel, 
Fig. 90, and with this tool rough the work all over, 
and reduce it nearly to its right size. Eemove the 
rest, and put in that one shown at Fig. 54 ; adjust 
this for using the scraping tools. With Fig. 95 finish 
the edge of the collar, and, with Fig. 96, finish the 
sides — polish the whole, if required, by any of the 
methods described. These scrapers should be kept very 
keen and smooth ; after grinding they shoidd be rubbed 
on a good oilstone until the stone marks are removed, 
and the cutting edges are smooth and bright. They 
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should not be allowed to get very dull ; but whenever 
they become slightly so, a few rubs on the oilstone will 
restore the edges. A good keen scraper, properly used 
on brass, will produce a surface beautifully bright and 
smooth. 

Surfaces are turned in the same manner, but with 
the rests facing the work, the truth or flatness of the 
surface being judged by a straight edge, which is merely 
a piece of thin steel with its edge brought to a perfectly 
straight line. 

SCREW-CHASING. 

Besides the work already described, screws can be 
cut in the hand-lathe by means of suitable tools ; and 
this method can frequently be conveniently followed in 
other lathes, even those especially constructed for screw- 
cutting, owing to the mechanism being required for 
purposes which renders it inconvenient to alter its ar- 
rangement. 

The hand operation of cutting screws 
is termed chasing, and the tools used F^^- 1^- ^®- ^ 10, 
are called chasers or combs. The tool 
shown at Fig. 109 is the outside 
chaser, and Fig. 110 is the inside 
chaser. These tools are the exact shape 
of the grooves of the screw, and are 
also inclined to the same extent ; they 
are to be procured of standard threads 
of all tool makers, and the method of 
making them will be hereafter explained. 

One of these tools will answer for cutting a screw 
upon any diameter of work, and a skilful workman 
can cut a thread of double or quadruple the pitch ; but 
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fhis is an operation that not many can manage satis- 
factorily. 

For cutting left-hand threads, the chasing tool must 
be inclined in the other direction, although for a make- 
shift the right-hand tool is occasionally used to cut 
threads of reverse inchnation. This is not difficult to 
do, but there is not the same certainty of producing a 
true thread. With the proper tools it is equally easy 
to cut right or left-hand threads. 

The method of using these chasing tools is extremely 
simple, but is not easily acquired. A short explana- 
tion will give the reader a good idea how to proceed, 
but practice alone will enable him to cut a screw with 
truth and certainty. 

The work upon which the outside screw is to be cut 
having been turned somewhat larger than the diameter 
of the outside of the required thread, it is held in the 
lathe precisely as for turning, but if driven by a carrier, 
the tail of the carrier should be tied to the driving 
arm of the lathe, to prevent any * stopping about.' 
The ordinary hand-tool rest for iron can be used, but 
the rest used for wood-turning is the best for the pur- 
pose. Whichever is used, the top edge must be quite 
smooth and free from ruts or grooves, and its edge 
should also be parallel with the line of centres ; it 
should be fastened at such a height as will bring the 
edge of the chasing tool just level with the centres ; 
also it must be close to the work. 

The chasing tool is held in one of the ordinary 
handles, and applied in a very similar manner to the 
metal-turning chisels, being for heavy screws pressed 
against the work by the workman's shoulder. The tool 
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is not, however, held stationary, since that would only 
result in cutting as many grooves around the work as 
tlie tool had teeth ; but it is pressed against the work, 
and traversed or pushed along the rest at a speed de- 
pending on the speed of the lathe and the pitch of the 
screw. To traverse the tool thus appears to be very 
easy, but it must be considered that for every fractional 
part of a revolution of the work, the same fractional 
part of the pitch of the screw must have been traversed 
by the tool, otherwise the pitch is * drunken,' and the 
screw is useless. 

Beginners will find it easier to take the graver, 
Fig. 84, and first strike a deep scratch with the point 
on the work, and at about the inchnation of the thread. 
This scratch then acts as a guide for the chasing tool, and 
makes it far easier to ' catch ' the thread of the screw. 

With bad iron no workman, however good, can 
make sure of getting a true and good thread, as the 
chaser cuts deeper into the soft places than it does 
into the hard ; but, with good metal, threads can be 
chased by hand almost as correctly as by any other 
method. 

For chasing brass the tools should be thinner than 
for iron. Chasers which have been used until ground 
too thin for iron, are better than new tools for brass. 

When cutting a thread on wrought iron or steel, the 
surface of the metal should be kept moist by soapsuds, 
or oil and soda-water ; but brass and cast iron do not 
require this treatment. Screw threads are cut inter- 
nally, by means of the other chasing tool. Fig. 110. The 
same rest is used, but it is fixed across the line of centres 
at the same height as before ; and the work being put 
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in motion, the chasing tool is pushed along the sur- 
face inside the hole, until the thread is properly cut. 
The hole to receive a thread should be turned out 
rather smaller than the thread is required to be, so 
as to allow of the removal of any scratches made when 
starting the chaser. 

Both of these chasing tools are ground on the face, 
so that the correct shape of the thread is always re- 
tained, and the tools are only made somewhat thinner ; 
this is easily compensated for by raising the tool-rest 
rather higher. 

DRILLING AND BORING. 

When holes are required through various materials, 
it is frequently more convenient to cut them out with 
special tools than with the turning tools ; indeed, with 
hand-tools it is difficult to cut out holes or recesses of 
any great depth, but this may very easily be done by 
means of tools called drills or boring tools. 

Sometimes these operations are performed with the 
work in motion, and the tool still ; and sometimes with 
the tool in motion, and the work a fixture. Whatever 
the material of the article through which the hole is to 
be made, the mode of making the hole is very similar ; 
but the tools differ, as in the operation of turning. 
The tools for woods are shown at Figs. Ill, 112, and 
113. Fig. Ill is the gouge, Fig. 112 the centre bit, 
and Fig. 113 the spiral bit. 

The tools for metal are shown at Figs. 114 to 120 ; 
Fig. 114 is the common drill. Fig. 115 the spiral drill, 
Fig. 116 the pin drill. Fig. 117 the cutter drill. Fig. 118 
the countersink drill, and Figs. 119, 120 are rhymers 
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or broaches. All these drills are made with a tapering 
square end, as will be seen, to fit the hole of the drill- 
chuck, already described and used for other purposes. 



Fig. 111. Fig. 112. Fig. 113. Fig. 114. 



Fig. 116. 





The spiral drills are sold in sets, under the name of 
American drills, and are accompanied by a special 
holder or chuck. They are used much more in America 
than here, but are now coming into very general use. 



Fig. 116. Fio. 117. Fig. 118. Fig. 119. 



Fig. 120. 



They are not, however, an American invention, although 
most are made there. The spiral is made with a gra- 

H 
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dually-increasing pitch or rise. All the other drills can 
also be bought at the tool maker's ; but it will fre- 
quently be found convenient to make them, as they 
are not difficult to manufecture. The spiral drill with 
its chuck 13 shown at Fig. 121. 

The article through which the hole is to be made is 
Fio. 121. centered, as for turning, or, at any rate, a 
centre mark knocked into the place where 
the hole is to be made ; the drill for use is 
then put into the drill-chuck, on the lathe- 
spindle, and set into rapid motion ; one 
centre-mark is then put against the point of 
the drill, and the other against the centre 
of the moving headetock. This headstock 
being fastened down conveniently on (he 
bed, the hand-wheel is moved round so as 
to force the article against the point of the 
revolving drill. It will be understood that 
the article itself must be prevented from 
revolving with the drill, otherwise, of course, no hole 
will l>e made. 

For holes of the ordinary size, the article is held 
stationary by the hands, and then the workman is 
enabled to ascertain the amount of strain there is upon 
the drill, by the amount of force he has to exert in 
keeping the work still. When the strain is too much 
for the drill, the workman must not screw up so fast, 
or the drill will be broken off in the hole. 

With wood, the strain is seldom sufficient to damage 
a drill, and therefore it does not require such careful 
management ; but with metal the case is different. The 
strain must be carefully watched ; and it will require 
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some little practice and a breakage or two before the 
beginner will have learned to judge the strain that 
drills of certain size will bear with safety. Should the 
operator be so unfortunate as to break a drill in the 
hole, unless it will fall out by shaking, the article must 
be put in the fire and annealed, so as to soften the steel 
drill, before the work can be proceeded with. Spiral 
drills clear their own holes from shavings, the spirals 
being made for that purpose ; but with other drills, 
whether for wood or metal, it is advisable to frequently 
withdraw the work from the drill, and clear out the 
hole with a wire or otherwise. 

Wrought iron and steel require lubrication ; and, 
therefore, either soda-water or oil must be poured into 
the hole so as to keep the point of the drill moistened. 

Spiral drills have this disadvantage — they withdraw 
the shavings, but they also prevent the lubricant 
from reaching the drill's point ; these drills are, there- 
fore, better adapted to brass and cast iron than to 
wrought iron or steel. They are not used for drilling 
holes of large diameter, since in these there is plenty 
of room for the shavings, which do not consequently 
impede the action of the drill. For very small holes 
spiral drills are capital instruments, especially when the 
holes are rather long, as they very seldom become 
choked, but, for drilling even the smallest hole through 
sheet metal the ordinary drill properly made is as good 
as the spiral drill. 

The amateur will probably consider it rather a feat 
to take an ordinary good-sized pin, and send a drill 
through it, leaving it a complete tube, without any 
external evidence of having done so except at the ends. 
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Or to take a shilling, and drill a series of holes through 
it edgewise — each hole to be a diameter of the circle 
of the coin — until the whole of the interior metal is 
removed, and the two faces or films, with the figured 
impressions, are held together only at the extreme 
edge by the small pieces of metal left between the holes. 
This is, however, done, the silver shavings kept, and the 
interior filled up with some composition of lead, and 
the coin again passed into circulation ; and as this is 
done for gain, it is evident that the time thus spent 
cannot be very long, or it would not pay. 

When a hole is to be tapped with a screw thread, 
the drill must be the size of the bottom of the thread 
of the male screw or tap, and therefore it is usual to 
keep two sizes of standard drilk^-one called the tap 
drill, to make holes the size for tapping, or for a male 
screw to be screwed into, and the other, called the 
clearance drill, for making a hole the size of the out- 
side of the screw, and to allow the screw or bolt to be 
passed through it without screwing into it. 

Workmen keep sets of these drills of all the 
various standard screw sizes in general use. The size 
should be marked on the square shank of each drill, 
and it should not be altered ; but when a drill wears 
small, it should be re-drawn, and again ground to 
proper size, as this prevents confusion and mistakes. 

It is usual to have a standard drill gauge, or a piece 
of flat steel, having a series of the proper sized holes 
through it, and to these holes the various drills are 
ground, and not to any measurements taken from an 
ordinary rule by the callipers, as measurements thus 
taken are both uncertain and unsatisfactory. 

^iii %u^ boles to be drilled in articles placed be- 
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tween the centres, it is usual to drill the hole half 
from each end, and if this be carefully done the two 
holes will generally meet pretty well in a line and form 
one hole, but this is not suflSciently exact if the hole 
be required to receive a spindle, and act as a bearing 
to it. In this case the hole should be drilled out from 
each side, but with a drill rather smaller than the 
intended hole, and then a sharp drill of the proper 
size passed through, all from one end. 

Or, instead of the last drill, the rhymer, Fig. 119, 
should be passed through ; the work being forced into 
cut very elowly, and kept well lubricated. This rhymer 
is lubricated for cast iron also, but not for brass, except 
in cases where it rubs a great deal, when a little oil may 
be put about the flats of the tool, but not at the cutting 
edges. Ehymers will generally make a smooth hole, 
but it is usually found that the hole is very slightly 
larger at the end where the rhymer is inserted, and 
therefore it is advisable to put it tljrough the hole in 
the same direction as the spindle is to be worked. 

For drilling articles where the drill is required to 
come completely through, it is a good plan to use a 
sort of chuck in the place of the centre of the moving 
headstock, as the drill's point is apt to get damaged in 
coming against the hard steel centre. This chuck is 
made with a deep recessed mouth, and with a shank to 
screw into the place of the centre. For long work it 
should not be used until the drill or rhymer is nearly 
through, as for such work it has not the same steady 
directing effect as the centre ; but for thin work this 
instrument should always be used, as for that it lias 
greater steadying power. 

The pin, or recess drill, Fig. 116, is used to cut 
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recesses to receive the heads of screws, &c. A hole of 
the size of the pin must first be made with an ordinary 
drill, the pin-drill being then used, the recess is cut out 
concentric with the small hole. 

The cutter drill, Fig. 117, is more of a turning tool 
than a drill ; it is very useful for turning up the 
bosses of levers, or other articles which cannot be fas- 
tened in the lathe. The cutter itself can be moved in 
Fia. 122. 



or nut in the slot, and fastened by the wedge at its 
back, to enable one cutter to turn bosses of different 
sizes. The cutter can also be removed, and one of any 
other shape put iu its place. 

The countersink drill, Fig. 118, is used for counter- 
sinking the mouth of a hole, to enable it to receive the 
head of an onlinary screw flush with the surface. All 
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those drills are used in tlie drill-chuck, and the work 
is pressed against them by the screw centre aa ex- 
plained. 

Although these operations are of great utility, it is 
generally preferable to effect the drilling operations 
with the work in motion and the drill stationary ; aa 
when the work is fastened to the lathe-spindle, we 
are better able to drill the hole concentric with any 
given part of the material, and with greater certainty 
of having a true and straight hole. It is also easier to 
watch the progress of the tool, and more convenient to 
remove the tool than the work from the lathe, to allow 
the hole to be cleared of shavings. At the same time 
it Is more difficult to fasten the work than the drill to 
the lathe-spindle, but the other advantages much more 
than counterbalance this, as there are several con- 
trivances for receiving and holding the work. 

Amongst these the face-plate, Fig. 122, and the 
eight-screw chuck. Fig. 123, Fio. 123. 

will be found of moat service. 
They both screw on the spindle- 
nose like the ordinary chucks, 
and the illustrations render a 
description of them imneces- 
sary. 

The tools used for work in motion are the same 
in cutting principle as those described ; they are, how- 
ever, shaped somewhat differently for convenience of 
holding. The smaller sizes are made like Fig. 124, 
which is the ordinary drill 'bit'; these are kept of 
two sizes, for 'tap' and 'clearance.' The lai^er 
sizes are made like Fig. 125, which is the boring bit j 
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these are also made Id two ^zes for roughing and 
finishing. 

For long holes the cylinder, or D-bit, Fig. 126, is 
well adapted, and its use is strongly recommended, 
espedally for small or moderate sized holes. 

Yjg^ There are numbers of other instru- 

ments used for drilling and boring, but 
they are all modifications of the ones 
described, made with moveable and 
expanding cutting parts, and they are 
not to be recommended. The moveable 
parts are always getting out of order 
or becoming detached from the rest of 
the tool and lost ; besides which they 
are all more expensive. Some very 
good mechanics are partial to these 
contrivances, and amateurs especially 
are taken with their ingenuities; but 
for my own part, I prefer the simpler 
tools. 

In addition to the drills, &c., there are several other 

instruments used which I will now describe. The 

boring-rest, Fig. 127, is made to fit the socket of the 

rest-holder, and when ia 

Fi8. 127. Fig. 128. , , , ,. 

placet© have the centre une 
of the two slots shown, ex- 
actly level with the centres 
of the lathe. 

The die-stay, Fig. 128, 

is a small cast-iron frame 

fastened to the lathe-bed 

when in use, and having grooves to receive various 
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sized wooden or metal dies, or bearings, as will be 
seen. These bearings are adjusted to the height of 
centres by moving the screw underneath. 

The boring wrench, Fig. 129, is merely a piece of 
iron bent to the shape shown. ^»8. 129. 130. 

Laps, or lead grinders. Fig. 130, are 
cylinders of lead or copper, cast on to a 
square iron spindle or stem ; they are care- 
fully turned up parallel and very slightly 
under the standard sizes. 

Flat articles are most conveniently 
driven by the face-plate, and long articles 
by the eight-screw chuck. The manner of 
attaching work to the former depends 
altogether upon the shape of the article, 
and no description will give an idea of 
all the methods employed. The operator 
will very frequently have to devise means 
for attaching hb work, but this is not at all difficult. 
Any means may be employed that will not twist or 
strain the article, or in revolving come in the way 
of the lathe-bed or tools. 

A set of bolts of various lengths and with T-heads 
are very useful, and a set of four of the clamps shown at 
Fig. 131 are exceedingly convenient. In fig. 131. 
using these, the work is held against the 
face-plate and the bolts of the clamps are 
put into its most convenient slots. The 
small screw is adjusted so as to raise the 
end of each clamp rather more than the thickness of 
the work off the face-plate, the large bolt being then 
tightened in all the four clamps, the work is pinched 
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at four places between the face-plate and the end of 
the clamps. 

It is generally necessary that holes should be 
bored as nearly as possible concentric with the rest of 
the work. For instance, when the article is a spur 
wheel or a pulley, it is necessary that the hole should 
be made concentric, or true, with the teeth of the 
wheel, or the face of the pulley; so that when the 
hole is made, on driving the article on a mandril the 
rim will run true, and will not require much to bd 
turned off it, or more from one side than from another. 
When certain parts of articles have to remain un- 
turned, it is a good plan to chuck the work true with 
those portions, without regarding the parts which 
have to be turned; so that, when these latter are 
rendered true by turning, the whole article is nearly 
true. 

As the surface of the plate is quite true, it is evi- 
dent that the surface of the article, or those points 
of the surface which are against the face-plate, will 
run true when the hole is bored and the work put on 
to the mandril. But there is no such guarantee that 
any part of the edge of the article will be true ; it is 
therefore necessary, before tightening the bolts finally, 
to set the edge or rim true, in the same manner as 
when centering a piece of iron. A piece of chalk is 
held against the work in motion, and, as those parts 
showing the chalk marks are the farthest from the 
centre, a tap with a hammer or mallet is given to the 
article at those points, to drive them nearer the centre 
.of the lathe. This is repeated until the chalk touches 
either all round, or at opposite points, when the clamp 
bolts may be tightened and the boring commenced. 
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When articles have to be tnie with their inside 
edges, it is evident that this operation must be re- 
versed. Wherever the chalk shows, those points must 
be hammered away from the centre. 

It is a difficult matter for one pair of hands to hold 
work against the face-plate whilst putting in the bolta 
for fastening it on in place. Workmen are in the 
habit of keeping it temporarily in place by forcing it 
against the face-plate by the boring bit or drill and the 
centre of the moving headstock. This practice cannot 
altogether be recommended, as, besides a direct ten- 
dency to damage the points of the drill and of the 
centre, it is a very frequent occurrence for the whole 
— the work and drill — to come down with a run on 
to the lathe-bed or to the ground ; and this leads to 
serious damage to all things concerned, as the work- 
man will readily admit if his toes happen to be between 
the work and the ground. 

Other more careful workmen — ^if the work have a 
rough hole through it already — fasten the work tem- 
porarily to the face-plate by means of a bolt, screwing 
into the centre hole of the lathe-spindle, and a piece of 
straight iron with a hole through it, for a cross piece to 
span the hole. This practice is certainly all that can 
be desired, so far as both safety and convenience go ; 
but it has one objection — the screwing and unscrewing 
of this bolt are apt to damage or wear the centre hole, 
and cause the centre to fit slackly. Probably the best 
plan, when chucking heavy work, is, either to put a 
block of wood of the right height under the work, 
or to remove the face-plate from the lathe, and lay it 
horizontal, with its face upwards, when the work may 
be fastened to it with ease and convenience. 
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When the work is properly chucked, it should be set 
in motion, and the place where the hole is to be com- 
mence should be trued up. The boring-rest is then 
put in place, just in front of the work ; care being 
taken not to put it near enough for the bolts in revolv- 
ing to strike against it. 

There are two holes in this boring-rest ; the large 
one is for the boring bits, the small one is for the drills. 
One of these holes is placed just opposite the centre of 
the work, and the proper drill or bit is put through it ; 
the other end of the bit is* furnished with a centre 
mark, into which the centre of the moving headstock 
must be placed, and the cutting edge of the drill forced 
into the revolving work, by moving the hand-wheel and 
forcing out the screw. 

The rectangular hole in the boring-rest only prevents 
the bit from revolving ; besides this, it has to be kept 
steady, especially at the commencement of the hole. 
If the hole be a small one, the boring-wrench is put 
on over the drill, and the other end of the lever forced 
down by the workman's left hand. When the hole is 
a large one, the pressure thus obtained is not enough ; 
but a larger lever of the same sort is then used, and a 
good heavy weight hung on to its end, and kept there 
whilst the bit is cutting its way through the hole. 

If the article be of wrought iron or steel, the cut- 
ting edge of the bit must be kept moist with soapsuds 
or soda-water ; but with brass and cast iron this is not 
required. 

In cutting large holes out of the solid, all the mate- 
rial cannot be removed by one instrument. A small 
drill must first be sent through, to be followed by a 
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series of others, each taking an increasing cut, until the 
required size of the hole is nearly obtained, when the 
last bit should be carefully sent through ; but it must 
not be made to take so heavy a cut as the bits pre- 
ceding it. 

In taking a series of .heavy cuts at the hole, the 
metal composing the article— especially if cast iron or 
brass — will be rendered rather hot by the fidction ; it is, 
therefore, a good plan to allow the article to cool be- 
fore passing through the finishing or last bit. If this 
be not done, and the hole is finished whilst the sur- 
rounding metal is hot, it will be found that, when the 
metal has cooled, the finishing bit is unable to enter 
again, owing to the contraction of the metal. 

It may, however, happen that the spindle to work 
into the hole has been made rather under the standard 
size. In this case it will be advisable to take advantage 
of this expansion and contraction of the metal, and 
make it subservient to our purpose, by boring the last 
cut but one with a dull bit, and taking a heavy cut. 
The metal wiU then be made very hot, and the hole 
will expand ; so that if the finishing bit be then quickly 
passed through, the result will be that when the metal 
cools the hole will again contract, and form a closer 
fit with the spindle previously turned too small. These 
little facts are small in themselves, but, by bearing 
them in mind, they may fi'equently be turrie<l to useful 
account. 

It is scarcely necessary to observe that, in all cases, 
care must be taken not to exceed a certain heat, or to 
allow the work to get hot enough to lower the temper 
of the tool. 
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Long cylindrical or other shaped articles, through 
which a hole is required, cannot be conveniently 
attached to the face-plate; and therefore, for these 
articles, the eight-screw or bell-chuck, Fig. 123, is used. 
The chuck being put on the lathe-spindle, the article 
is inserted between the screws, which are then screwed 
down to encompass and tightly hold it. The beginner 
will probably have some httle difBculty in adjusting 
these screws so as to hold the work true ; but the 
matter is much simphfied by tracing the inside set of 
screws first, and afterwards adjusting the outside ones. 

These screws should be set down tight enough to 
prevent the article slipping ; but if when the hole is 
made, the material will be thin, care should be taken 
not to set the screws down tighter than necessary, as 
otherwise the metal will be compressed, and the hole 
rendered out of shape in their neighbourhood. When 
the articles to be drilled are too long for this chuck 
alone, the ends are turned up true for an inch or two ; 
and one end is then chucked true, and held between the 
outside set only of the screws of the chuck, whilst the 
other end is supported by being run in the die-stay. 
This is fastened to the lathe-bed at the proper place, 
and a wooden or metal bearing, having a hole the same 
size as the end of the work, is put into the V's, and ad- 
justed so as to bring the centre of the work in the line 
of lathe-centres. The lathe is then set in motion, and 
the hole drilled in the usual manner. 

For these long articles the best tool I know of is 
the D-bit, shown at Fig. 126. This tool is not half so 
much used as it ought to be, and, when used, it is in 
conjunction with several other drills, and in sucli a 
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roundabout manner that very few have patience to use 
it at all. These other drills are, however, quite un- 
necessary after the D-bit is once started. The best 
manner of proceeding is as follows : First, place the 
boring-rest in position, and with an ordinary drill, of 
the same size as the D-bit, drill out a recess about ^ 
or \ of an inch in depth. Eemove the boring-rest, place 
the centre-mark in the end of the D-bit, against the 
centre of the headstock, and screw up carefully until 
the drill is cutting fairly : the hole may then be bored 
through with ease and the certainty of its being true. 
The drill must be kept well lubricated with soda-water 
and oil, and occasionally removed, and the hole cleared 
of shavings. If the hole be more than a foot long, it 
will be better to drill it half from each end ; and, if 
great truth be required, two of these drills should be 
used as in the other cases. As in long holes it is 
rather diflScult to keep drills well moistened, the work- 
man will find it a good plan to have a small syringe, 
and squirt the lubricant into the hole with force ; by so 
doing, not only will the drill be kept wet, but the 
shavings will, in a great measure, be washed out and 
the hole cleared. 

On comparing the D form of drill with others, it will 
be found that the cutting edge is only equal to half the 
diameter of the hole ; at the same time the drill stem 
is strong and well able to stand torsional strain, to 
which drills are mostly subject. In the ordinary drill 
the cutting alge is equal to about one and a half 
diameters of the hole, whilst the stem is not nearly 
so well calculated to bear the strain. It therefore 
appears reasonable to conclude that the D-bit is better 
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adapted than the others to cut a long hole out of the 
solid, or indeed to cut a long hole out at all ; and this 
is found to be the case. I would undertake, with it 
alone, to drill a one-inch hole through a shaft thirty or 
forty feet long. 

Holes required to be very smooth and straight, or 
which require to be very slightly enlarged, are ground 
out on a lead or copper lap. Kg. 130. Also in the 
case of articles which have been hardened or case- 
hardened, the action of the fire is sure to have had a 
slight effect upon the hole. In some cases the hole is 
siighdy bent ; in others, the surfece is rather blistered ; 
and in all cases it is rendered somewhat rough. All 
these imperfections are removed by grinding the hole 
out on a lap. 

The method of using these laps is very simple : they 
are put between the lathe-centres, and driven by a 
lathe-carrier in the ordinary way. The surface of the 
lap is covered with a coat of fine emeiy powder and oil ; 
the emery may be caused to stick to the lead by being 
slightly forced into it by a few taps with a hammer. The 
hole is then put on the lap, which is set in rapid rotation 
and the article moved up and down; being pre- 
vented from moving round with the lap, the inside of 
the hole is ground by the adhering emery. The emery 
and oil must be continually replenished, and the sur- 
face of the lap kept moist with it, as, if allowed to get 
dry, the two surfaces will ' bind' or cling to each other, 
and abrasion will result. 

If the article be heavy, precaution should be taken 
of turning it over, so as to grind every portion of the 
hole aUke ; otherwise the weight of the article, pressing 
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all on one side of the hole, will cause it to be ground 
more on that side than the others, and the hole will be 
rendered non-circular. 

Care must also be taken to keep the middle of the 
lap well supplied with emery, and not to grind one end 
or the two ends of the hole larger than the middle. 
This, however, is a very common occurrence, and re- 
quires some little address to get over. Where prac- 
ticable, it is also advisable to reverse the direction of 
the lathe occasionally, as sometimes, in lapping out a 
hole, the hole will draw itself onwards, and the work- 
man's whole force will be insufficient to prevent its 
tightening itself on, and binding. In this case, the best 
plan is to either let the work go round with the lap, 
and to immediately stop the lathe and drive the work 
back with a mallet before it gets cool and contracts 

Fig. 132. 




firmly on to the lap ; or to reverse the direction of the 
lathe, when the hole will generally run back of its own 
accord, unless it is gone on too far and become very 
tight. It is sometimes a very difficult matter to get 
work off a lap when the grinding surfaces have been 
allowed to get dry and to abrade themselves. 

I 
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It U often very convenient to be able to drill a 
small hole in an article without having to put it in the 
lathe, and the hand drill shown at Fig. 132 is a very 
neat instrument for tills purpose. 

MISCELLANEOUS OPERATIONS. 

A circular saw applied to the hike enables one to 
do a great deal of work. The Baw is mounted on a 
spindle placed between the IfUhe-centres. This spindle 
has a collar, between which and a washer and nut the 
saw is fastened ; the spindle ends are hardened in the 
same manner as ordinary mandrils. The saw table is 
made with a shank to fit into the rest-holder, and 



it has a fence or flange, for regulating the thickness 
of the wood to be cut. These circular saws should 
not be very large ; nor must the user ima^ne that he 
can cut up thick or heavy work — the power required 
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to drive being such as to render the work of treading 
exceedingly laborious ; but for cutting up veneers, or 
slices of ivory and hard wood, and any light work of that 
nature, these little saws are admirably adapted. Fig. 133 
shows a small saw of this kind, but mounted on a 
separate stand, by Messrs. Booth Brothers, of Dublin. 

Thin pieces of wood or ivory can also be readily 
planed by having a (T'lindrical cutter revolving rapidly 
between the lathe-centres, the wood being meanwhile 
pushed underneath it, and supported on a wooden or 
other frame, arranged so that it can be easily adjusted 
to receive various thicknesses of boards. 

In a similar manner, but with properly-shaped fly- 
cutters, any length of wood may be cut to any required 
moulding, or it may be grooved. The wooden dies 
of the stay-bearing. Fig. 128, may also by this meana 
be very readily cut at the 

.-■'.,/ Fie. 134. 

Sides with the necessary 
V-groove, by which they 
are fitted into the casting. 
To do diis, of course, the 
cutter must be the exact 
shape of the V-sides of the 
casting. 

A reciprocating saw is 
frequently applied to lathes, 
and arranged to be driven 
by the lathe-treadle. These 

saws are very convenient for fret-work, for pattern 
making, and many other purposes ; as, by their meana, 
all sorts of curved and angular work is easily accom- 
plished. An arrangement of the kind is shown at 
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Kg. 134. The saw frame formed is of an ordinary 
hand firame, and may be removed from the lathe and 
iiaed by hand when coaveQient. The spindle driving 
the saw frame carries a small drill at its outer end. 
Figs. 135 and 136 are reduced fret- work patterns. 

Very small serrated discs are also used in the lathe 
for nicking, or cutting the grooves in the heads of 
screws, cutting off lengths of small pieces of iron, &c. 
Such saws should be well lubricated, or they will not 
work satis&ctorily. 

Plain miUiog tools are made by pressing small round 
blank pieces of steel against a fine-threaded tap revolv- 
ing in the lathe ; the screw, in revolving, causes the 
blank miUing tool to revolve slowly also, and its edge 
to become cut with a concave screw thread. When 



the milling tool so cut is properly hardened, it may be 
used to produce other miUing tools, but these will be 
convex ; the convex tools may again be used to repro- 
duce concave tools similar to the first. In these cases the 
tools are reproduced by simple pressure and rotation, 
a little oil being placed against the surfaces in contact 
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Screw-chasing tools are made from a master-tap,-the 
tap being driven in the lathe, whilst the blank chasing 
tool is pushed against it and supported on the chasing- 
rest, exactly as in the operation of chasing a screw, 
except that the blank chaser is generally held with its 
face downwards. Lubrication should be plentiful, the 
pressure nearly uniform, and the blank tool held as 
straight as possible. 

The various tools used in turning, &c., can, when 
very dull, be sharpened by means of a grindstone rota- 
ted in the lathe. The stone must be kept moist, and 
great care must be taken not to lower the tiemper of 
the steel tool by excessive friction. The tools should 
be held firm and steady on any convenient support, 
otherwise the stone will soon get out of truth by wear- 
ing faster one place than at another. The tools should 
also be traversed slowly along the surface of the stone 
to prevent groovi,^. 

Small stones, driven at a greater speed, are also use- 
ful for grinding the surface of ironwork which has to 
be polished, but which is not required absolutely true. 
After grinding, these and other surfaces are polished 
more highly, by being held against revolving glazers 
and buff wheels. These polishing wheels are mounted 
on a spindle, and are covered with thick leather, to 
which is glued a coat of emery powder. It is usual 
to have several of these wheels on one spindle, each 
wheel being covered with a coat of different sized 
emery, from coarse to fine. The coarsest is first used, 
and then the next finer, the last or buff wheel being 
covered with soft chamois leather, and no emery used 
with it. 
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PART m. 



THE SELF-ACTING LATHE. 



Various self-acting and screw-cutting lathes have 
been already noticed, but I shall here describe another, 
which is designed as a universal lathe; inasmuch as 
many operations can be performed by its aid, which are 
usually performed in two or more separate lathes, or 
are not done in the lathe at all. This lathe is also of 
great service both to the amateur and to the engineer 
for private amusement and use. I have myself made 
one, in all essential particulars as shown in these draw- 
ings, and have found it answer extremely well. 

As there are many peculiar operations to be de- 
scribed in connexion with this lathe, it will be neces- 
sary that the reader should thoroughly imderstand its 
construction. To this end I have given several draw- 
ings to scale, and these I will now proceed to explain. 

The bed is of cast iron, and is shown in section at 
Fig. 137; it is carried upon two standards in the 
usual way. The cone head-stock is cast solid with the 
bed, which is much neater than having them separate, 
and is quite as convenient an arrangement The 
boring out of the bearings for the spindle requires 
perhaps rather more care, but on the whole there is 
a saving of labour. The spindle has conical nesks. 
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which can either run direct in conical holes in the 
metal of the headstock, or hardened steel or wrought- 
iron bushes can be inserted as shown, which latter is 
the better, although rather the more expensive plan. 
The front neck of the spindle is solid with the spindle, 
but the other neck slides on a feather, and is set up by 
two nuts behind it. 

The thrust is taken inside the headstock by two 
adjustable nuts, with antifriction washers, as shown; 
of these washers there should be at least two, and one 
of them should be brass, the other of hard steel. The 
spindle is bored throughout with a half-inch hole. The 
change- wheels are carried direct upon the spindle end 
without any socket, the nut shown inside being only 
used as an abutment for the l)08s of the change-wheel. 

The large gear-wheel is keyed to the spindle, and 
bears against a slight shoulder on the key, which again 
is prevented from moving towards the neck by the 
shoulder of the key groove. The small gear-wheel is 
made of wrought iron, and has a long continuation or 
boss, which nicely fits upon the spindle, and carries 
the cone-pulley. 

There is another nut on the spindle just behind the 
small gear pinion, the use of which is to connect the 
cone-pulley to the spindle, when the single speed only 
Ls required. In this case the nut is screwed fast against 
the pinion, so as to hold the cone firmly between the 
nut and the large gear-wheel — this latter wheel 
being prevented from receding by the arrangement of 
shoulders just mentioned. When the back gearing is 
required for slow speeds, the nut is screwed the other 
way, and slightly jammed against the lock nuts. The 
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cone-pulley and pinion are then free to move round 
upon the spindle without moving the large wheel. 
By then moving the eccentric handle, the back wheels 
are thrown forward to gear with the wheels on the 
cone and spindle. The eccentric handle cannot be 
seen, but the motion will be understood by referring 
to Kg. 139. 

For Ught lathes, this nut-locking motion is to be 
preferred to the usual arrangement ; first, because it is 
more accessible, and secondly, because the usual lock 
nut, unless balanced, causes a great deal of oscillation 
of the lathe, when running at high speeds. The front 
of the large wheel on the spindle is turned plane and 
divided, so that by the addition of a simple inder 
pointer as shown, it may be used as a division plate. 
This pointer must be turned down, or removed when 
not in use. 

The outside of the spindle-nose has a coarse screw 
thread to receive the various chucks and driving-plates, 
the inside has a fine thread for taking the centres, &c. 

The screw-headstock is of the usual internal screw 
pattern. It has a transverse slide moved by a screw for 
setting the centre out of line, and a handle, by moving 
which the spindle is held firmly in its place without 
shake or vibration. The spindle is graduated, so as 
to serve as a guide for depth when drilling and boring ; 
and it is fitted at the nose with a screw of the same 
size and thread as the cone spindle, to receive all the 
centres in common. 

The lathe-spindle, instead of directly driving the 
leading-screw, drives a shaft A at the back of the lathe- 
bed. This shaft can be driven by change- wheels at any 
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speed within the range of the wheels ; usually, how- 
ever, it will be driven at the same speed and in the same 
direction as the lathe-spindle itself, by means of a 40- 
tooth wheel on both the spindle end and the back shaft, 
through an intermediate wheel of seventy or other con- 
venient number of teeth. The intermediate wheels are 
carried on a radial arm in the usual manner ; but the 
amateur may need a word of explanation to enable 
him to understand the arrangement. 

The lug or bracket carrying the shaft has a circular 
flange, to which is bolted the radial arm B by means 
of two small bolts passing through curved slots cut in 
the arm, and screwing into the metal of the bracket. 
These curved slots allow the arm to be shifted some 
distance radially around the centre of the shaft a and 
thus to accommodate change-wheels of different sizes. 
This arm has also two straight parallel slots, as iseen ; 
one of these is used to fasten a spindle a to the arm 
by means of a nut on the other side, and the other slot 
is occasionally used to carry another spindle or stud 
when double intermediate wheels are necessary. This 
second stud is usually made of the full size of the 
holes in the change- wheels, which revolve directly 
upon it, but the stud a is made much smaller, and 
the wheels do not revolve upon it, but are fastened 
upon a socket h which fits the stud a and runs upon it. 
The socket is made wide enough to receive two wheels, 
the wheels being held upon it and prevented from re- 
volving by a key and nut. 

It will be seen, therefore, that the radial arm can be 
shifted round the shaft to bring the slots nearer to, 
or farther from, the end of the lathe-spindle, and the 
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stud carrying the wheel-socket can be shifted anywhere 
along the slots in the arm. The uses of these powers 
of adjustment will be more specially obvious when 
screw-cutting is treated of. 

The shaft a is supported at the other end by another 
bracket springing from the lathe-bed, and at the ex- 
treme end of the shaft there is provision for taking 
change-wheels for driving the leading-screw. By re- 
ferring to Fig. 140, which is the end elevation of the 
lathe, this arrangement of wheel gearing will be 
understood. The intermediate wheels are carried by 
a radial arm in the same manner as at the end already 
described. The wheels shown in place are those used 
for ordinary traversing. A 20-tooth pinion on the 
shaft A drives a wheel of 95 teeth on the socket by 
and a 21-tooth pinion on that socket drives a wheel of 
100 teeth on the end of the leading screw. 

There being an equal- sized wheel on both the lathe- 
spindle and the shaft a, it is clear that this shaft must 
make the same number of revolutions as the spindle. . 
The intermediate socket 6, of Fig.- 140, being driven 
from the shaft a by a pinion of 20-teeth gearing into a 
wheel of 95 teeth, it is equally clear that for every 
revolution of the shaft, the socket b will only make f^ 
of a revolution ; and the socket driving the leading- 
screw by a pinion of 21-teeth gearing into a wheel of 
100 teeth, it will be seen that for every revolution of 
the socket, the leading-screw will only make -^V ^^ * 
revolution, and for every revolution of the shaft A, the 
leading screw will make but -^j^ of -|^ of a revolution. 
The shaft A must therefore revolve 22^-f- times to cause 
the leading-screw to reyolve once. The leading-screw 
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has four threads to the inch, so that for one revolution 
of the screw, the shde-rest carrying the tool is moved 
along the lathe- bed one-fourth of an inch. It wiU 
therefore require four revolutions of the leading-screw 
to traverse the tool one inch, and to cause the four revo- 
lutions, the lathe spindle must rotate 22^^x4=90^^ 
times. Work turned with these wheels would con- 
sequently have 90.^ cuts to the inch ; and by altering 
the wheels, almost any required speed of traverse 
may be obtained, as will be hereafter explained. 

The slide-rest is perhaps the most important part of 
a screw-cutting lathe, and it is in this that there is the 
greatest extent of variation in design. In the lathe 
now imder notice, the saddle c of the rest is in one 
casting ; its shape will be best seen at Fig. 137, which 
is a side elevation of the slide-rest and a section of the 
bed. 

The front part of the saddle carries the mechanism 
for gearing with the leading-screw. This consists of 
two half nuts c, which are brought together to clasp 
the leading-screw, or are separated, by a curved slot- 
plate rf, the action of which is better seen in the front 
elevation. The half nuts are so shaped as to work in 
slides attached to the saddle; the two screws — ^the 
heads only of which are seen — go through the slot 
holes and screw into the metal of these half nuts. The 
screw at the centre is merely for the purpose of keep- 
ing the slot-plate in proper position. 

On the other side of this plate there is a horizontal 
spindle passing through the front flange of the rest, 
and having on its inside end a worm-pinion gearing 
with the leading-screw, and on its outside end a handle. 
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This pinion and spindle are for traversing the saddle 
along the bed by hand, which^ of course, can only be 
done when the half nuts are withdrawn from the screw. 
To traverse the saddle in this manner, the handle is 
quickly turned roimd by hand, when the threads of the 
leading-screw act as the teeth of a rack. Besides this, 
it is convenient in other ways ; as when the screw is in 
motion, this spindle is necessarily also in slow rotation, 
so that if it be required to move the rest a very short 
distance at the usual speed of traverse, it is much more 
convenient to place the hand or knee against the 
handle and prevent it rotating, than to throw the half 
nuts into contact with the leading-screw. By pre- 
venting the handle rotating, the rest may be started at 
any point ; but when the leading-screw is used, either 
the rest must be moved by hand until the threads of 
the half nuts coincide with the spaces of the leading- 
screw, or the operator must wait, with the rest station- 
ary, until the spaces of the screw come round to coincide 
with the nut threads. 

The saddle-slide D has a long movement, exactly 
at right angles to the bed. It has also three dovetail 
grooves planed in it, to receive similar shape bolt-heads 
for fastening other mechanism or work to the slide. 

The movement of the slide D is obtained from a 
screw passing through the top part of the saddle. This 
screw e has 10 threads to the inch. In front it is fitted 
to receive a handle for hand rotation, and at the back 
it has a worm-wheel of 21 teeth, driven by a three- 
threaded worm on the shaft A. 

For every revolution of the back-shaft the worm- 
wheel will make one- seventh of a revolution, and 
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during one-tenth of a revolution of the screw e the 
slide D will traverse one-tenth of an inch. For every 
revolution of the back-shaft, it is plain tliat the slide 
p will move one-seventieth of an inch. When, 
therefore, the speeds of the lathe-spindle and shaft A 
are alike, the surface traverse will have 70 cuts to the 
inch. 

The worm-wheel is not directly connected to the 
screw Bj but is free to revolve upon it without commu- 
nicating its motion to the screw, so that the slide may 
be traversed by hand or not moved at all. The 
worm-wheel is kept in place by the tail plate g ; but 
when it is wished to travei-se the slide D automatically, 
the sliding clutch / is pushed forwards to gear with 
a corresponding clutch on the boss of the worm- 
wheel. The clutch / is only capable of a sliding 
motion on the screw, but it cannot be revolved 
without the screw revolving also. When not gearing 
with the clutch on the worm-wheel, the clutch / 
partakes of the motion of the screw, but when in gear 
with the worm-wheel, the motion of that wheel, de- 
rived from the worm of the back-shaft, is communi- 
cated to the shding clutch, and necessarily also to the 
screw itself, and the slide D is consequently caused 
to traverse. 

There is other mechanism attached to the back of 
the saddle, but that will be described when treating of 
its uses. 

The thread of the screw e is square. It begins just 
behind the worm-wheel, and continues the whole 
length of the spindle. The bearing for the screw e in 
the front part of the saddle is not in the metal of the 
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saddle itself, but the screw goes through a smooth hole 
in the larger screw A, which has a much coarser pitch, 
and is screwed into the saddle. 

This coarse screw is about half an inch longer than 
the nut formed for it by the saddle. It has a double 
thread, and its pitch is equal to one turn in three- 
quarters of an inch. As just mentioned, this screw 
is hollow, and its hole serves as a bearing for the tra- 
verse screw Sj which latter screw has upon it two lock 
nuts on each side of the bearing. These nuts serve 
as shoulders to the screw e, and give means of taking 
up its end play and preventing * loss of time.' Out- 
side the saddle the screw h terminates in a lever handle, 
as seen in the front elevation. The end of the screw 
e is fitted to receive a handle, and also the division 
plate shown in place, and into which takes a spring 
attached to the handle of the screw h. The compound 
slide has a Willis's tool-holder, permitting the tool to be 
fastened down on the tool-plate in any position by 
merely tightening the top nut. The holding-plate can 
be shifted round the pin in the centre, to any conve- 
nient place. 

The upper or tool-slide is moved by hand only, by 
turning the small handle attached to the end of the 
traverse-screw. The traverse screw is held in place by 
two small lock nuts inside, so that by adjusting these, 
all end play may be prevented. If found more con- 
venient for any pecuhar position of the rest, the 
traverse-screw may be removed and changed end for 
end, so as to have the handle on the other side. The 
bottom part of the slide has a stout pin, which fits 
into the rest-socket. By means of this, the slide may 
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be placed at any angle with the socket, and raised or 
lowered in the hole, being firmly held in any desired 
position by the screw at the side of the socket. The 
socket also has a slot hole, where the bolt for holding 
down is inserted, which allows it to be fastened down 
in any convenient position on the top of the slide D. 
The bolt may be placed in either of the three dovetail 
grooves in the top of the slide D, slid anywhere along 
these grooves, and the socket may be moved length- 
wisp the distance of its slot, and turned round the 
holding-down bolt to any extent. By loosing the 
tightening screw of the socket, the compound slide 
may be removed, and either of the hand-tool rests 
substituted. Or the compound slide and socket may 
be removed altogether from the sHde D and any other 
apparatus or article put on in their place. 

These powers of adjustment and alteration are often 
exceedingly convenient, and make all the difierence 
between a good and a bad shde-rest. 

The leading-screw is usually driven through the 
change- wheels of the lathe-spindle, but in some cases 
it is more convenient to drive it by hand. For that 
purpose it has a worm-wheel, geared into by a tangent- 
worm, upon the spindle of which a winch handle may 
be placed. The tangent-screw must only be in gear 
with the wheel when that method of driving is in use. 
When the screw is to be driven otherwise, the tangent- 
screw must be lowered out of gear by slacking the 
nut at the side. This arrangement is seen at the right- 
hand end of Fig. 138. 

It will be seen that the lathe-bed has a gap or 
well, which allows a lathe of given height of centre to 
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occasionally admit a piece of work either for turning or 
boring, of larger size than the real height of centre. 
This gap, when not in use, is filled up level with the 
rest of the lathe-bed by a properly shaped casting. 

The lathe is arranged to be driven from overhead 
by a countershaft, carrying a suitable cone-pulley. One 
of the arrangements for stopping and reversing the 
motion of the lathe, which have been described, is also 
introduced. 

The drawings are taken from a five-inch lathe, with 
bed long enough to admit articles three feet long. In 
the engraving, however, the bed is shown shorter, to 
save space. 
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I now come to those operations in which the hand 
of the operator plays, as it were, but a secondary part, 
the tools being held by hands far steadier and more 
certain in their movements than in the previous cases. 
The workman now has to select the proper cutting in- 
strument, to place it in the most convenient position for 
cutting, and to set the lathe, or such parts of the lathe 
in motion, as will move the tool in the required direc- 
tion. He has then to keep a watchful eye on the lathe 
and tool until the work, or a certain part of the work, 
is completed. 

Some writers — probably not practically acquainted 
with self-acting mechanism — have asserted that to work 
these machines requires neither skill nor previous 
knowledge of the work, all the motions being auto- 
matically performed. Such assertions are absurd and 



SKLP-ACTING TUENING. 129 

untrue, as, although an inexperienced hand may soon 
be instructed to attend to these machines, the work 
produced is of very inferior quality, and of small quan- 
tity. By comparing such work with that produced 
by a similar lathe worked by a good hand, a remark- 
able difference will be perceived. Not only so, but 
as these lathes are valuable and require to be kept in 
good order, it is manifestly bad policy to entrust such 
machines to the hands of ignorant and inexperienced 
workmen. For a man to be a thorough good work- 
man at the self-acting lathe, he must have experience, 
intelligence, carefulness, and patience. 

Success in these operations depends but little upon 
the imagination or taste, and not much upon education ; 
indeed, nothing but experience will enable a man to be 
a thorough good hand at the self-acting lathe. I can 
scarcely tell how it is, but a workman looking at a piece 
of work can usually tell at a glance whether it was 
done by an amateur or a professional mechanic. This 
distinction does not rest altogether with the quality of 
the work, since, although work done by the amateur 
may apparently be as true as the other, there is never- 
theless a different look about it which distinguishes it 
from that done by a workman. 

It is not intended by the foregoing to dissuade ama- 
teurs from attempting to practise this branch of turn- 
ing. Quite the contrary ; as by the exercise of greater 
care and intelligence, amateurs will have no difficulty 
in producing work which will be quite good enough 
for their purpose, and leaving the question of time 
altogether out of the account, amateurs can become as 
good turners as professional mechanics. 

K 
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I will first describe the chucks and tools, and after- 
wards their uses. 

The square centre, Fig. 141, is a steel centre fitting 
f™. 141. Fis. 143. the centre hole of the lathe-spindle 
and the screw-spindle. It is turned 
to the same angle as the ordinary 
centre, but cut down with four flats, 
I leaving four edges which convert 
the centre into a cuttmg instru- 
ment. 

The long centre, Fig. 142, will 
be found convenient when turning 
long small work ; it is the some as 
the others, except in being smaller 
and longer. 

The standard plug and ring, Fig. 143, are cylin- 
Fia. 143. drical instrumente used in gauging the 
sizes of turned work. They are used in 
exact fitting instead of callipers, than 
which they are much more exact and 
more certain to ensure uniformity. Good 
mechanics use them in all standard sizes. 
The travelling steady bearing, or stay, 
is an instrument which is attached to 
die slide-rest to hold and support long 
slender metal rods whilst being turned. The standard 
is screwed to the shde-rest, the die-holder is firmly 
fastened to the standard, and has power of adjustment 
horizontally. The dies are of steel, and have power 
of vertical adjustment by means of screws. The tra- 
velling bearing is shown in place, properly arranged 
for use, at Fig. 137. Three or four sets of dies will 
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be found to answer every • purpose. This is the best 
form of stay I know of, but some workmen, instead of 
the die and holder, use a piece of plain iron shaped 
like an inverted L? and attached to the standard on 
the slide-rest, in the same manner as the die-holder is 
in this arrangement. 

A socket bearing is merely a hollow cylinder of 
iron, fitted with six or eiglit screws, and sometimes 
used when turning portions of long shafts. It is slipped 
on to an unturned or rough shaft, and by moving the 
set screws is adjusted so that its surface runs true. 
The socket is then used as a bearing for the shaft, by 
being caused to run in the dies of the die-stay shown 
at Fig. 128. 

Another modification of this bearing is sometimes 
necessary, as, when the shaft to be turned has large 
collars on it, the socket cannot be sKpped on to the 
shaft. In these cases, a bearing such as the last is used, 
but made in halves, which are put together, when on 
in place. 

The four-jawed chuck. Fig. 144, is a very useful 
contrivance for chucking and holding work whilst being 
turned or bored ; it is very like an ordinary face-plate, 
but has four jaws on its face, which are moved in or 
out, towards or from the centre, according to the size 
of the work, by turning the screws at the edge of the 
plate. These jaws being turned out in steps, articles 
varying greatly in diameter can be chucked without 
much movement of the jaws. Articles such as rings 
may be chucked or held by their inside surface by 
putting them on the outside of the jaws and screwing 
from the centre. 

k2 
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There are various modifications of this chuck in 
use, in which the jaws are simultaneously moved 
towards or from the centre, without having to move 
each by a separate screw. But these self-centering 
jaw-chucks, as they are termed, are useful only for 
circular work, whereas the one described will chuck 



work of almost any shape. The self-centering chucks 
are, however, much liked by amateur mechanics, but 
are not used to any great extent by practical men, as, 
although occasionally convenient, most varieties are too 
clumsy and complicated to give continued satisfaction. 
A self-centering chuck is shown at Fig. 145, by moving 
any one screw the three jaws move tc^ether. 

The tools used in the slide-rest for self-acting turn- 
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ing are various. The ones described have been found 
effective, and they are as simple as any. Most work- 
men have some slieht 
,.™. ■ , ■ . Fie. 145. 

difference in then: tools, 

but the difference is 
usually obtained without 
impairing the cutting 
power of the tool, and 
also in most casea with- 
out increasing its effi- 
dency. 

Amateurs are food of universal tools : mechanics 
seldom or never use such, and although they are 
very pretty to look at, their use cannot be recom- 
mended. 

Fig. 146 is the ordinary hook tool. Fig. 147 is the 

Fi9. 146. Fi8. 147. Fie. 148. Fia. 149. Fia. 160. Fie. 151. 



side-hook tool ; these are made for cutting both to the 
right and left hand. Fig. 148 is the square-nose, Fig. 
149 is the round-noee tool. Fig. 150 is the knife tool, 
made both right and left hand. Fig. 151 is a simple 
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roughing tool. Figs. 148, 152, 153, are spring tools. 
Fig. 154 is a simple tool and holder, sometimes made 
with a triangular instead of a round tool. This tool 
is merely a piece of round steel, ground off as shown. 
Fig. 155 is something like the last, but adapted to 
light work: the tool is made of a flat piece of steel, 
ground and held in a holder as shown. The cutting 
part of this may alao be made with a round edge, with 
a square edge, or with an angular edge. Such tools 
all work very well, and are both easily made and 
readily ground when dull. Upon the whole, the 

Fi9. 162. Fis. 153. Fis. 164 Fia. 166. Fia. 156. Fia. 157. 



amateur will find these tools and holder to be as useful 
as any he can get. Fig. 156 is the ordinary holeing 
tool. Fig. 157 is the compound holeing or internal 
turning tool. 

The metals turned by these operations being those 
already mentioned, no further remarks on them will be 
necessary ; but work to be tm-ned by self-acting tools 
requires different treatment, in some respects, from that 
of the same material turned by hand-tools. 
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The tools described are all held in the tool-holder 
of the slide-rest, and the screw or screws holding them 
should be screwed down reasonably tight, but care 
should be taken not to strain the screws or damage 
the screw-thread. Many workmen fancy they cannot 
use too much force in screwing down their tools. They 
pull with all their power at the end of a long lever in 
the shape of a wrench, and the result is that their 
screws are frequently either breaking or having their 
threads sheared off. The tool should not project too 
£eu: outside the rest or support, as the nearer the cutting 
edge of the tool is to the support, the better the tool 
will work ; but it is not necessary, if the tool be of 
the proper size, to work it dose to the rest, nor is it 
convenient to do so. 

Slide-rest tools should not be double ended, or 
made with a cutting edge at each end, as, when this is 
done, the end not in use seems to be always in the 
operator's way, and inflicting serious cuts on his unfor- 
tunate fingers. The steel for all the tools should be 
of the best quality. It seems bad policy to use soft 
or cheap steel for these purposes. Some use Bessemer 
steel ; but, admirable as that metal is for constructive 
use, it can scarcely be recommended for tools, and, 
however costly the best steel may be, it is the cheapest 
in use. 

The cutting edge of the tools should be just level 
with the centres, but the slide-rest tools, for internal 
turning or boring, may be placed above the centres 
with advantage. The practice in the matter of speeds 
varies somewhat in different workshops, and with dif- 
ferent workmen ; but no exact rule can ever be given. 
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owing to difference of materials. The speeds are 
somewhat under those for hand-turning, because, in 
hand-turning, the tools are frequently withdrawn from 
cut, and so have time to partially cool, whereas, in 
self-acting turning, the tool is continually cutting, and 
without any time to cool. 

The speed cannot be ascertained with certainty by 
calculating the speed at which a certain workman drives 
his lathe, nor even by taking the average of a good 
number of workmen. 

The average speed in large workshops will generally 
be under the average speed in small establishments, or, 
in other words, the average speed in establishments 
overlooked by the master will usually be found above 
that of estabhshments overlooked by a foreman. An- 
other more remarkable fact is, that the speed in hot 
weather will often be less than the speed in cold 
weather. I will mention that these results are not 
owing to any pecuUarity in the metals, and will now 
leave the reader to account for them according to his 
fancy. 

There are many little dodges practised by workmen, 
especially in warm weather, to render the work easier. 
Amongst these I may mention running the lathe at too 
slow a speed, taking a number of light cuts, keeping 
the lathe in motion seemingly with a heavy cut, but 
forgetting (?) to throw the traverse mechanism into 
gear. I have seen many of these little tricks, and have 
practised most of them myself. 

The power required to drive a lathe when cutting is 
in reality a point worth serious consideration, but very 
little attention is usually given to it. Nothing causes 
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one to form better ideas of this than having to drive 
the lathe by foot. Most workmen would profit by a 
few months at a foot lathe, as with the best of tools the 
work is rather tiring ; but, with a badly shaped tool, 
the work is still more laborious, and the difference is 
readily perceivable, so there is a weighty reason for 
altering the tool to a good cutting shape. It has always 
been my impression that, with the same power, a larger 
quantity of metal can be cut off with hand-tools than 
with self-acting tools ; I cannot, however, assert posi- 
tively that this is the case. 

Cast iron and brass are both turned dry ; but iron 
and steel should be sufficiently lubricated. Lubrication 
makes a great difference in the power required to drive 
the lathe against a certain cut, reducing it considerably ; 
and also the cut is much smoother, and the work and 
tool being kept cool, a much faster circumferential 
speed is permissible without injury to the tool. The 
heating of the tool and work, besides doing the former 
an injury, is a positive waste or loss of power, as, for 
every unit of heat produced, 772 foot-pounds of power 
are lost. 

The lubricating liquids are various. Oil is good, but 
expensive ; soapsuds are also much used ; but perhaps a 
solution of common soda in water is as good and cheap 
as anything. A little dirty oil, or oil that has run 
through bearings, may be advantageously mixed with 
the soda-water. Water, if used alone, would cause the 
work and lathe to be covered with rust half an hour 
after using ; the addition of soda not only softens the 
water, but to a great extent prevents its rusting the me- 
tallic surfaces. Soda-water very seldom rusts wrought 
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iron or steel ; but, dropping on the cast-iron surfaces of 
the lathe, and allowed to stay some time, it will fre- 
quently result in spots of rust. As, however, the soda- 
water is not used in turning cast iron, and the bright 
cast-iron parts of the lathe are generally oily and 
subject to rubbing, this is not found very detri- 
mental. 

Except in the cases mentioned, hand- turners in metal 
do not often use lubricants ; this is chiefly owing to the 
difiiculty of making them fall on the right spot. In self- 
acting turning this difficulty does not exist, as the spout 
of the soda-water pipe is attached to the slide-rest, and 
travels with the tool; it is either carried by a can 
mounted on the saddle of the rest, or, what is a much 
better plan, it is supplied through small flexible piping, 
from a tank or reservoir placed overhead, so as to give 
it some slight pressure. It should be caused to drop 
just on the cutting point of the tool, or where the tool 
engages with its cut. It should not be niggardly sup- 
plied, not only because it is inexpensive, but because 
it can be partly collected in a tray placed under the 
tool, and returned again to the reservoir. At the 
same time, it is both useless and inconvenient to be too 
profuse in lubrication. 

When filing iron, it can be driven at about double 
the cutting speed, no lubrication being necessary, except 
a few drops of oil on the file. 

The number of cuts to the inch, proper for metals, 
varies from about 100 fine traverse to about 40 
rather coarse. In exceptional cases, these figures are 
very much within the mark. By the expressions 100 
and 40 cuts to the inch, is meant that the work must 
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rotate 100 or 40 times whilst the tool's point travels 
along the work one inch. 

Straight cylindrical pieces of metal are placed be- 
tween the centres and driven by a carrier, Fig. 71, 
as in hand-turning. Articles with smooth cylindrical 
holes are forced upon a round mandril, Fig. 78. 
Articles with screwed holes are put upon the screw 
mandril. Fig. 80. Cylindrical articles having screw- 
threads on them are driven by the screw-carrier. 
Fig. 73. Large articles are generally fastened to the 
face-plate. Fig. 122, or to the four-jawed chuck, 
Fig. 144. 

An example or two, showing how articles in metal 
should be turned, will now, probably, convey more 
general information than any other mode of explana- 
tion. 

In turning a cylindrical rod of wrought iron or 
steel, say twelve inches long and one inch diameter, 
the modus operandi would be generally as follows : — 

The piece of rough iron should be about 12^ inches 
long and l^inch diameter. Knock in a centre mark at 
each end, as near the centre as can be judged ; put a 
carrier on the bar and place it between the centres ; 
firmly fasten the moving headstock down in place, taking 
care that the spindle of the headstock is not screwed 
out too far, and that it is locked by the locking lever. 
Now, without further trial as to centrality, put the 
left-hand knife tool. Fig. 150, in the rest, bring it up to 
cut, and true up the end of the rod. Eemove it from 
the centres, change ends with the carrier, and reverse 
the position of the rod in the lathe,- With the same 
tool turn this end off until the rod is nearly the 
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proper length, remove the work from the lathe, take 
off any small projecting piece of metal that may be 
left at the centres, and knock in small new centres. 
Take out the ordinary centre from the spindle of the 
moving headstock, replace it by the square centre, Fig. 
141, put the work again between the centres, and 
place a tool in the rest, with its blank end against the 
work, raising the rest in its socket until the middle of 
the blank end of the tool comes about level with the 
centres. Put some oil about the square centre, and a 
drop on the blank end of the tool. Set the lathe in 
motion, move the tool carefully towards the work, 
until the blank end presses against it, and simul- 
taneously carefiilly screw up the hand- wheel, so as to 
force the square centre into cut. This must be done 
until the work, in revolving, touches all round against 
the tool, which may then be withdrawn, and slight 
pressure given to the square centre alone for a few 
rotations. The work is then removed from the lathe, 
reversed, and the other end centred truly in the same 
manner, after which it is taken from the lathe, the 
square centre is removed, and replaced by the ordinary 
centre. With a small drill in the spiral or other drill- 
stock, drill a hole into each end of the rod, at the centres, 
about T^ 01 \ inch deep. Wipe the centres clear of 
grit or sha\ing8, and put the work again in the lathe ; 
also put a drop of oil on the centre. Now, with a sharp 
knife-tool, touch over the ends, and bring the bar to 
the exact length required. Take out the knife-tool, and 
substitute one of the tools at Figs. 146, 15], 152, 154, 
155. Set the callipers at 1^^ inch, and adjust the 
tool to cut the bar to that size. Push down the handle 
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of the slot-plate so as to throw the traverse mechanism 
into gear, and reduce throughout to this size. With 
a sharp tool, carefully turn down about ^^^th of an 
inch at the end, to let the standard cyUndrical ring, 
Fig. 143, fit on tightly. Withdraw the tool very 
slightly, and take a cut over the whole length, to re- 
duce it very nearly to the size of the small portion at 
the end. Some turners would now finish the rod by 
filing it with a smooth file ; others would take a very 
slight cut ofi* it with a sharp spring tool, Fig. 153. 
The peculiarity of these tools is, that they cannot 
* catch in,' they being so made that any extra resist- 
ance will cause the cutting edge to spring away from the 
cut, instead of going deeper into it. If the rod be 
required very exact in size and parallelism, it is not 
fitted into the ring entirely by tools, but is left very 
slightly too large, and is then ground to size, either 
by the emery clamps, Fig. 106, or by forcing a piece of 
copper or lead against those parts requiring to be re- 
duced — ^meanwhile plentifully supplying the surfaces 
in contact with emery and oil — or by slowly revolving 
the work in one direction and appljring a rapidly re- 
volving copper glazing wheel, held in the slide-rest, to 
the surface of the work, and causing the glazer to 
traverse along the places requiring to be reduced. This 
cylinder or rod must be cooled each time before trying 
it into the gauge ring, as otherwise, even if fitted 
exactly when hot, it will contract and become a very 
bad fit when cold. 

With pieces of iron very long compared with their 
diameters, great difficulty will be found in turning them 
in the usual manner, owing to the shaft springing 
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away from the tool. This springing also increases 
as the tool gets to the middle of the shaft ; and, as 
the ends are supported in the centres and prevented 
from swerving, the shaft is turned larger in the middle 
than at the ends. Long bars are first centred in the 
usual manner, and then straightened; after the bar 
is roughly turned, it will frequently require to be again 
straightened before the finishing cut is taken off it; 
Bars and shafts are prevented from swerving in 
several ways, the most convenient is by a steady bear- 
ing or stay, travelling along the bar with the tool, but 
in some cases it is more convenient to use a fixed bear* 
ing for the purpose. In the latter case, if the shaft be 
not too weak, a small place is carefully trued up at 
the middle of the bar, and that place is caused to run 
in the die- stay fastened to the bed. Sometimes, how- 
ever, the shaft is too weak to allow the place to be 
turned up true, owing to the great vibration ; then the 
socket or collar bearing previously described is put on 
in place, and a true bearing obtained by adjusting the 
set screws. The socket itself is then run in the die- 
stay. When the inverted L travelling stay is used it 
must be very firmly fixed, and a plentiful supply of 
soda-water allowed to faU on the work just behind the 
tool, not only for lubrication but to wash off the shav- 
ings. It is also a good plan to loosely tie a piece of 
string or leather around the shaft between the tool and 
stay, and to the stay to keep shavings from getting into 
the bearing. When the shavings are allowed to 
remain on the shaft they are very apt to get between 
the bearing surfaces of the stay and shaft, the latter is 
therefore forced outwards towards the tool, a distance 
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depending on the thickness of the shaving. At the 
moment the shaft is thus forced outwards the tool goes 
deeper into cut, and so long as the shaving remains 
between the bearing surfaces, the tool cuts a groove 
equal in depth to the thickness of the shaving. I 
have seen long shafts completely disfigured by being 
covered with grooves caused in this way. 

The L"Stay b much used, but in some respects its 
action is not at all satisfactory, and this is especially the 
case with bad iron and small shafts. The ends of the 
shafts being supported by the centres do not swerve, it 
is therefore usual to first turn down the end of the 
shaft nearly to its proper size for an inch or two ac- 
cording to the diameter of the shaft ; then to adjust the 
stay to the size of the first cut, and to take that cut 
along the shaft. 

If there be too much to be taken off by one rough 
and a finishing cut, then the second cut must be taken 
a short distance up the shaft and the stay adjusted to 
that diameter as at first. Great care must be taken 
with the finishing cut to have a sharp tool, and also to 
have the stay properly adjusted, as if the L'Stay be 
carelessly adjusted, the work instead of. being parallel 
will be all sizes. If at starting it be adjusted rather 
too tight on the shaft, or to a smaller diameter, then 
the shaft, when the stay reaches the larger part, will 
be forced towards the tool, and bs the tool and stay 
are relatively immoveable, and are travelling parallel, 
the shaft will be turned smaller until the stay has passed 
over the large diameter and reached the small place. 
On reaching this, the shaft will not be forced so much 
against the tool, and consequently it will be again 
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turned larger. These alternate large and small places 
will continue the whole length of the shaft. 

A similar result is also produced when the tools 
point breaks off and is left unchanged — ^the distance 
between the point and the stay being thus slightly 
increased, the tool cuts a larger diameter. When the 
stay reaches this place having the larger diameter, the 
shaft is forced deeper into cut, and is turned smaller 
until the stay reaches the small part, when it is again 
turned larger, and so on. 

Should there be a flat upon the shaft of greater 
length than the stay, this flat will cause the tool to cut 
a corresponding projection on the shaft, and when 
the stay in travelUng reaches this projection a flat will 
be cut by the tool in a similar manner. When turning 
long shafts made of bad iron, the ribs of vitrified oxide 
or veins of dirt in the iron will not allow a sharp point, 
to remain on the tool ; consequently, the tool, being 
blunt, will not cut these hard places, and the shaft is 
turned of an oval or irregular section, instead of being 
truly circular. I have found it thus ; and, in spite of 
every precaution, this irregularity has been continued 
nearly the whole length of a shaft, the various irre- 
gularities shifting their position as in the former 
cases. 

Notwithstanding these defects and difficulties the 
L-stay is a useftil tool, and with good iron and proper 
care, the work may be depended upon as being practi- 
cally true and circular. Its simplicity and ready ap- 
phcation to its work are its chief recommendations, 
and cause it to be more used than most others. But 
the stay illustrated at Fig. 137 is on the whole prefer- 
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able, for though it is somewhat more complicated, it 
has advantages in use not possessed by any other. In 
this instrument the dies may be adjusted to take the 
differences in size caused by the successive cuts without 
altering the position of the instrument. Any variation 
in the size of the shaft does not therefore affect its 
central position, nor do the foregoing conditions alter 
its size throughout the length. 

Metal dies are used in the stay, and a set of three or 
four pairs of them will answer for all the different sizes 
of work which need such support. The dies are readily 
removed and others replaced, and are easily adjusted 
to nicely fit the shaft, without having any tendency to 
displace it. It is generally more advantageous to let 
the dies clasp the shaft just behind the tool, as in this 
position they may be slid along past the end of the bar 
whilst the extreme end of the bar is being turned. 
Then, as the tool traverses, the dies follow it up and 
come to the place just turned, when they can easily be 
adjusted to fit it without even stopping the lathe. The 
top of the standard also carries the water-can, which is 
arranged so that it can be raised or lowered and swung 
round on the upright spindle, and it can also be moved 
on its supporting arm, which has precisely the same 
action as the radial arms carrying the change wheels. 
The whole of this apparatus can be removed if in the 
way'of any large work. 

For turning surfaces the work is either put upon a 
mandril or fastened to one of the chucks, whichever is 
most convenient. When the ordinary face-plate is 
used, the work is fastened to it, just the same as for 
boring ; care being taken that the bolts fastening it on 

L 
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do not come in the way of the tool. The jawed chuck, 
Fig. 144, will however generally be found the most 
convenient, as with thiA there are no bolts required to 
hold the work, and almost any shaped work can be 
chucked in any position without much trouble. In 
turning large surfaces it must be borne in mind that 
the speed of the work passing the tool increases as the 
tool goes from the centre, the angular velocity of the 
work must therefore be reduced as the tool recedes in 
order to keep the cutting velocity as nearly constant as 
possible. 

For traverse turning the cut is almost always taken 
right-handed, that is from the right to the left or from 
the moving headstock to the cone-headstock. For sur- 
face-turning the cut is generally taken in the same 
relative direction, that is, from the centre to the cir- 
cumference. The same tools will therefore generally . 
answer equally well for both cases, the straiglit tools 
having only to be placed at about right angles to the 
surface to be cut. 

Sometimes, however, it will be more convenient to 
use the cranked tools for surfacing, and this is more 
especially the case when the work is on a mandril. In 
turning up the edges of articles of large diameter these 
cranked tools are also much more convenient than the 
straight tools — ^indeed, unless these tools be used, the 
work cannot be turned, as the rest cannot always be 
shifted to a convenient position for using the other ^ 
straight tools. 

The spring tool?*. Figs. 148, 152, and 153, are 
equally useful for surfaces as for cylinders, and they 
are used for all materials. They are made of shapes 
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Other than straight, so as to fini.>h out curved corners 
and places which would otherwise require the appli- 
cation of hand-tooLs. These spring-tools for ordinary 
turning are made from f to 1 inch wide on the cutting 
edge. For curved work they are sometimes used four 
or six inches wide, and even at that width answer well. 

When surfacing, especial care must be taken that 
the spindle, and consequently the work, has no end 
play. This may be prevented by adjusting the lock 
nuts of the lathe-spindle. When the work is supported 
by both centres, the spindle is kept from moving end- 
ways by the pressure of the forcing screw, and any 
looseness of the spindle in its necks is not then of much 
moment, but when, as in surfacing on the face-plate, 
the end pressure is absent, any movement of the spindle 
endways causes irregular and untrue work. For very 
delicate y?ork the spindle will sometimes require re- 
adjusting with the changes in the temperature of the 
room in which the lathe is placed. Such cases are very 
exceptional, and as a rule the fewer times the adjusting 
nuts are meddled with, the better the lathe will work. 

For turning the insides of articles or making large 
holes, the left cranked tool will be found useful, but 
the ordinary tools of this sort are too large for any but 
the largest work. The tools at Fig. 156 will therefore 
be found the most convenient ; these are precisely the 
same in shape and in use, but they are made more 
slender, to allow them to go into deep recesses or holes, 
without rubbing against the side of the hole. 

The auxiliary tool-holder. Fig. 157, is also useful 
for turning in positions requiring long reach. A tool 
such as is used in it is shown in its place. When turn- 

L 2 
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ing out holes the tool is frequently raised rather higher 
than for other work ; the traverse motion is used in the 
same manner as for turning cylinders. Care should 
always be taken not to let the tool go too far through, 
otherwise it will come against either the face-plate or 
the spindle-nose, and these will be seriously damaged. 
If the hole be required of a certain standard size, it 
shoukl be gauged by turning it large enough to let the 
standard plug fit nicely in. When the hole is to be 
used * rough ' or without * lapping out,' the plug must 
be fitted into the work when the latter is cold. But if 
the hole is to be lapped out, the better plan \b to let the 
plug fit the hole nicely, when the metal surrounding 
the hole is warm with turning, as it will then contract 
slightly, and when cold will be a little too small ; but 
after it is ground out on the lap, the hole will be the 
right size. 

The workman must be careful in trying the standard 
plug into a hole that it is put in fairly and not on one 
side, and also, if the hole be warm, the standard must 
be removed immediately from the hole, as if allowed to 
remain it will be found that the hole will contract on 
the plug, and there will be great difficulty in getting 
the latter out again. Should the workman at any time 
neglect this precaution and get the gauge shrunk in, he 
should not use force in removing it unless gentler 
methods fail. The best way to get it out is to hold 
the outside of the article to the fire so as to cause it to 
again expand, cold water being dropped upon tlie pro- 
jecting parts of the plug to prevent it from expanding 
also. If this be carefully done, the gauge will generally 
drop out without force being necessary. No workman 
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should, however, allow himself to be thus caught more 
than once. 

Besides being able to turn either cylinders or siu:- 
faces in this lathe, cones and angles of any degree can 
just as easily be produced. 

It will be seen that the motion of the rest along the 
bed is always parallel to the bed, so that with the line 
of lathe centres parallel also with the bed, cylinders of 
uniform size will be produced by that motion. 

The motion of the slide D along the saddle of the 
lathe described, is always at right angles to the bed, so 
that under the same conditions as the last the surface 
produced by this motion will be a plane surface. 

By putting both these slides in motion at the same 
time, it will be seen that as the tool travels along the 
bed it will also recede from the centre, and a cone will 
be cut instead of a cylinder. The angle of this cone 
will depend upon the relative speed of these two mo- 
tions. If the cone so produced be cut into two along 
the centre line, the section will be an isosceles triangle 
with the perpendicular equal to the distance the tool 
travelled along the bed, and a base equal to double 
the distance the tool receded from the centre, or the 
figure each side of the centre will be a right-angled 
triangle with a perpendicular equal to the longitudinal 
motion of the tool and a base equal to its transverse 
motion. 

The actual distance travelled by the tool will be 
equal to the square root of the sum of the squares of 
the base and perpendicular. Now we see the relation 
each motion bears to the figure produced, it becomes 
an easy matter so to speed the two slides to produce 
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any required cone or taper, by means of the change- 
wheels at each end of the lathe-bed. 

Short angles can be produced in a simple manner, 
by moving the small compound rest to the required 
angle, and traversing the tool by hand. 

Taper, shafts of very slight angle can be turned 
with the ordinary traverse of the saddle along the bed, 
but the lathe-centres must first be shifted out of paral- 
lelism with the lathe-bed. This is readily done by 
tiu'ning the screw, the head of wliich is seen in front of 
the headstock, and so moving the centre of the screw- 
headstock out of its position. If the rod has to be 
larger at that end than at the other, the headstock 
must be moved from the operator, or from the tool ; 
but if it is to be smaller at that end, then the centre 
must be shifted towards the workman. One end of the 
shaft will be larger than the other by double the dis- 
tance the centre is moved out of line. These sizes 
will be altogether irrespective of the length of the rod, 
but the tool is supposed to travel the whole distance 
between the centres. 

The headstock being set, the* work is proceeded 
with in the usual manner. 

Some lathes are constructed with a moveable cone- 
headstock, for tiu-ning out taper holes ; but these are 
very troublesome to adjust and re-adjust. The lathe- 
spindle being set at an angle, the change-wheels gear 
badly, and altogether the plan cannot be recommended. 

Taper holes can easily be turned by setting the 
small rest at an angle, and by the method first q)oken 
of— speeding both the slide movements. 
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SELF-ACTING SCREW-CUTTING, 

I have already explained the manner of cutting or 
chasing screw-threads with hand-tools, and everyone's 
knowledge of what a screw is, is sufficient to enable 
him to cut a screw in that manner. But before ex- 
plaining the operation of screw-cutting in the screw- 
cutting lathe, it will be necessary for me to explain 
what a screw geometrically is. 

The following is taken from Gregory's * Mathe- 
matics ' : — * The screw is a spiral thread or groove cut 
round a cylinder, and everywhere making the same 
angle with the length of it ; so that, if the surface of 
this cylinder with this spiral thread on it were unfolded 
or developed into a plane, the spiral thread would form 
a straight incUned plane, whose length would be to its 
height as the circumference of the cylinder is to the 
distance between two threads of the screw ; as is evi- 
dent by considering that, in making one round, the 
spiral rises along the cylinder the distance between the 
two threads.' 

The distance between two threads is termed the 
pitch, or, rather, the horizontal distance travelled by 
the spiral in one round is termed the pitch ; and it will 
be usefid to bear in mind that a screw may have almost 
any number of separate spirals or threads, but the 
pitch of all must be the same. 

When this spiral is developed, as mentioned above, 
the circumference of the cylinder, the pitch of the 
spiral, and the spiral line, form a right-angled triangle, 
of which the perpendicular is the circumference of the 
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cyliader, the base is the pitch, and the hypotheuuse 
is the spiral Une. 

Now, the old mechanics, before the screw-cutting 
latlie was invented, used to take advantage of this pro- 
perty of the cylindrical spiral to enable them to de- 
scribe a screw-thread. The sides of the triangle, as 
above, were laid down on a piece of stiff paper, or on 
a piece of thin sheet metal, and this triangle being 
wrapped round the cylinder upon which the screw 
was required, the course of the thread was scratched 
on the cylinder, the groove cut out with hammer and 
chisel, and smoothed over with a file. This operation 
was sometimes modified, but the principle was always 
the same. 

It may appear surprising, but, rude as the method 
is, screws were cut much faster and much better than 
one would imagine ; and many men clung to the old 
method long after the screw-cutting lathe was invented 
and in general use. 

The amateur reader may not have thought so, but 
in the preceding operations of self-acting turning, 
screws have been cut. In turning up a shaft as de- 
scribed, the tool has cut a screw the whole length of 
its cut. If the traverse has been sixty cuts to the inch, 
a spiral was described which, if developed, would be a 
triangle, with a base of one-sixtieth of an inch ; and 
that this is a screw may easily be practically proved. 
When drilling a hole through a long piece of iron, both 
ends of which are turned up true, one being gripped 
in the four-jaw chuck, and the other running in wooden 
bearings in the die-stay, it is frequently found that the 
wooden beimugs act as a nut, and the screw formed 
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by the traverse marks has sufficient power to pull the 
article out of the chuck. It will, therefore, be easily 
seen that, in ordinary traversing, a very fine screw is 
described, and that to cut what is usually known as a 
screw we only require a coarse traverse cut. 

It is evident that the depth and shape and pitch of 
a screw-thread should bear some relation to the use of 
the screw and the diameter of the cylinder upon which 
it is cut. For instance, it would be absurd, where great 
strength is required, to cut a very large thread on a 
smaU shaft, but the two should be so proportioned that 
both are equally strong. 

After a large series of experiments, and comparisons 
of screws in use, Mr., now Sir Joseph Whitworth, the 
well-known engineer, laid down certain proportions for 
screws, which are known as the Whitworth Standard 
Threads. This standard is now in almost universal use, 
much to the advantage of engineers and macliinists. 
These threads are given in the following table :— 



Whitwobth Standard Screw Threads, 



Diameter in inches 
Threads per inch 

Diameter in inches 
Threads per inch 
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Threads per inch 


4, 


B 


H 

6 


T 

14 


A 


2 


4 


? 


1 

8 


J* 
7 


V 




6 


2i 


2J 
H 

2* 


3 

^ 
n 


8i 




3} '4 
3 3 


4f 
2J 


6 
2} 


5J 

^ 


6 



Square threads are usually made double of the an- 
gular thread pitches, for the same diameter of shaft. 

The Whitworth threads are all made of a common 
angle of 55**, and are slightly rounded, both top and 
bottom. 
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The angular thread is the most easy and convenient 
to make, but it is frequently advisable to use threads 
of other shapes, the most usual of which are shown at 
Fig. 158. 

The rounded angular thread a is almost always 
used for general engineering purposes, bolts, and 
screws. The square thread b is used for the largest 
and most powerful screws ; frequently the thread for 
these purposes is made of the shape of c and some- 
times of g. The deep rounded angular thread d is 

Fig. 168. 






mostly used for small sUde-screws. The round thread 
e is mostly used for large tangent worms, which are 
also frequently made similar in shape to the teeth of 
spur-wheels. Small tangent screws are usually made 
with an angular thread. The acute thread / is used 
for screws gearing into wood. 

It will not be supposed that because a table is laid 
down it must in every case be adhered to : but for or- 
dinary engineering practice, where the threads have to 
stand the same strain as the bolt, and it is necessary to 
divide this strain equally, the above table will be foimd 
useful. It will very seldom be necessary to use a coarser 
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thread than that given for a shaft of a given diameter, 
but very frequently large cylinders will have to be fitted 
with threads of fine pitch. 

The pitch of a screw is not at all dependent upon 
the diameter of the cylinder upon which it is cut. 
Thus, if a screw be cut upon a cylinder of one inch or 
one foot diameter, if the movement of the slide-rest be 
the same, the pitch or number of threads to the inch 
in length will be the same in both cases. Also in both 
cases the lathe-spindle will revolve the same number 
of times whilst the tool traverses one inch. If, there- 
fore, we want a screw of a given pitch, we have to 
calcidate the wheels required to obtain the requisite 
number of turns, whilst the tool traverses one inch or 
one foot, the diameter of the shaft need not be thought 
of at all. 

In the lathe described, the changes, when possible, 
should always be made at the right-hand end of the 
bed where the shaft A drives the screw, because then 
the motion of the other mechanism is unchanged. 

For all ordinary traversing and screw-cutting, 
there will be no necessity for altering the relative speed 
of the lathe-spindle and back-shaft, there being room 
for the required alterations at one end only, but for 
finer pitches than 90.^ to the inch or coarser than 
about 1 in 5.^ inches, the change- wheels must be applied 
at both ends, which enables us to get a traverse as fine 
as over 1,300 turns to the inch, and as coarse as one 
turn in 6 or 7 feet. 

I will here give a table of the wheels required for 
the pitches in most general use. It is convenient to 
have an extended list prepared and engraved or stamped 
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on brass, as it saves much time otherwise spent in 
calculating the required wheels. 

In the table given below, it will be seen that 
all the changes are arranged for the right hand 
only of the bed. If, however, the workman requires a 
pitch of 100, 200, or 500 turns to the inch, he can easily 
arrange this and without much trouble, by putting on 
larger wheels at the other end to make the shaft A run 
{ , J, or y\^ the speed of the lathe-spindle. So also when 
coarser pitches are required, he can use any of the 
wheels given in the table for a coarse pitch, and 
render it much coarser by change-wheels, arranged on 
the other end of the lathe-bed, to cause the shaft A 
to rotate much faster than the lathe-spindle. 
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These wheels will all produce right-hand threads, or 
the tool will traverse from right to left. To produce 
left-hand threads the same wheels will do, or wheels 
having the same ratio ; but another intermediate wheel 
must be placed upon its stud, and attached to one of 
the slots of either of the radial arms. 

The operator will not have much difficulty in ar- 
ranging this wheel ; as it matters little whereabouts it is 
placed, so that it gears with the other wheels. It only 
has the effect of altering the direction of motion, the 
relative velocities remaining precisely the same. 

The pitches given, although those mostly in use, are 
not by any means the only ones required, the workman 
should therefore be able to calculate for himself the 
wheels required for any given pitch. I have known 
men in workshops make rather a mystery of their 
method of calculating change-wheels ; but the method 
is extremely simple, and the knowledge of arithmetic 
required not very profound. 

For any pitch whatever the lathe spindle must 
make the same number of turns as the proposed screw 
has in an inch or other given length, in the same time 
that the leading-screw makes the number of turns 
required to traverse the tool the same distance. 

Thus, supposing a pitch of seven threads to the inch 
is required, then the number of revolutions of the latho 
spindle will be seven, to four of a leading-screw having 
^ in pitch, the lathe having to revolve the number of 
threads in the inch of the required screw, whilst the 
leading-screw revolves the number of times necessary 
to move the tool one inch. Knowing the ratio the 
speed of the screw bears to the work, it is an easy 
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matter to calculate the wheals that will give these 
speeds. 

Many workmen can calculate the changes required 
for any whole number of threads to the inch, but 
cannot do so for any broken or fractional pitches. In 
reality, fractional pitches are almost as easy to calculate 
as whole numbers, as we have only to multiply the 
fractional pitch by any number that will eliminate the 
fraction, or in other words to find a distance in which 
the pitch becomes a whole number. For example : — 
Suppose we require to cut a screw having a pitch of 
1-^f^ inch — that is 1 turn in 1^^ inch — 

Then the required screw will make 10 turns in 
1 y^i^ X 10 = 1 3 inches. And a leading-screw of 4 threads 
to the inch will make 13x4=52 turns in the same 
distance. The speeds of lathe-spindle and leading- 
screw are then 1 3 and 52 respectively. 

Again, if we want a thread of ^^ in pitch. One 
turn in -^^ of an inch gives ^x22 = 3 inches for 22 
turns. Whilst the lathe rotates 22 times the tool must 
traverse 3 inches, and this with the same leading-screw 
gives the speeds of lathe and screw as 22 and 12 
respectively. 

When the changes are properly arranged, the work 
in the centres, and the required shaped tool in its place, 
the handle d can be pushed down so as to connect the 
slide-rest with the leading-screw, and the lathe set in 
motion precisely the same as for ordinary traverse turn- 
ing. When, however, very coarse pitches are required, 
say anything over a 2 or 3-inch pitch, the motion of 
the saddle and leading-screw is so fast compared with 
the cone-pulley that very great power is required to 
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drive the lathe ; and the belt will generally slip, being 
insuflScient to drive it, or, if the belt be wide and tole- 
rably tight, some of the changes will either slip out 
of gear or the teeth will break oflf. Such screws or 
spirals, or spirals of one turn in any number of feet, 
can easily be cut in the lathe by a method hereafter 
to be described, the arrangement of the change wheels 
remaining the same. 

The tools for cutting screws on wood fig.159. Fio.ieo. 
are shown at Figs. 159, 160, the for- 
mer being used for external, the latter 
for internal tlireads. These tools answer 
tolerably well for both hard and soft 
woods. 

The external screwing tools for metal 
are generally made similar to Fig. 148, 
the cutting edge of course being made 
to correspond with the shape of the 
screw-thread, and the front of the tool 
ground obhque side-ways, the same inclination as the 
pitch of the screw. 

It will be seen that even with the same shape of 
thread fresh tools are required for every change in 
the pitch, as, otherwise, the side of the tool rubs 
against the side of the groove it is employed in cutting. 
For very fine pitches and fine threads, however, any 
slight change of pitch does not necessitate another 
tool. And although in workshops where ^a great 
number of all the pitches are in constant requisition, 
it is not so great an inconvenience to keep a. separate 
tool for each pitch ; still to the amateur this is ex- 
ceedingly inconvenient, as his use for each tool of any 
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pitch is very limited. Many plans have been proposed, 
nnd are in use, for making one email slip or blade of 
steel do for any pitch, by placing it in a holder so con- 
Fio. lei. trived as to swivel, and to place the cutter 
at any required angle. Most of those I 
have seen are much too clumsy and expen- 
sive to be recommended ; that shown at 
Fig. 161, and devised for my own use, 
works well, and its simplicity can be seen 
from the sketch. A small piece of round 
steel, fitting a hole in the tool holder, is 
ground at one end to the shape of the 
thread. This being properly hardened and 
tempered, is placed in the hole of the 
holder and held firmly at any required 
angle by tightening the screw at the side, the holder 
being slit to allow of contraction. Any angle of the 
tool ia of course obtained by moving round the circular 
piece of steel in its hole. 

The angle or inclination of the thread can very 
readily be ascertained by calculation ; but the simpler 
plan is to place the tool as near the angle aa can be 
guessed, then to set the lathe in motion and cut a 
small portion of the thread, after which the tool can be 
properly adjusted by comparison with the part of the 
thread already cut. 

For internal threads tools similar to Fig. 156 are 
used, but with their cutting etlges ground to the shape 
of the groove they are intended to cut. For larger 
holes requiring screw-threads the tool-holder at Fig. 1 57 
may be usetl, carrying a tool blade of the right shape. 
Or, if the workman wish to be very economical in liis 
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tools, a tool-holder may be used carrying the same 
tools as and in a similar manner to Fig. 161, previously 
described. One disadvantage, however, attends the use 
of this tool and holder— it will not cut a thread the 
entire depth of the hole, as the end of the holder pro- 
jects into the hole farther than the point of the tool it 
carries. 

These holders are placed in the slide-rest in the 
same manner as the ordinary tools, and the holders 
may all be used to carry tools shaped to cut either 
wood or metals or other materials. 

The ordinary working threads are usually cut 
almost to size with a single point tool, and finished 
with a chasing-tool or tool of many points, held either 
in the hand or slide-rest. If held in the rest, this tool 
should be constructed on the spring plan, as such tools 
produce better work. 

Other comparatively exceptional threads are begun 
and finished by single-point tools : the first cut being 
taken by a tool rather smaller than the required groove, 
and the screw finished by a sharp well-ground tool of 
the right size. 

For ordinary threads of fine pitch, whether internal 
or external, it is a good plan — ^unless the thread go 
the entire length of the shaft, or quite through the hole 
— to turn a groove around the cylinder or in the hole 
where the thread is to terminate. This groove acts as 
a ' landing-place ' for the point of the tool, and pre- 
vents the point being broken off* in withdrawing it 
from cut. 

The same object is effected for square or any shaped 
threads of coarse pitch by drilling a small hole in the 

M 
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shaft at the spot where the screw groove is to end. If 
the screw is to have several threads, a hole must be 
drilled for each. It is also a good plan to turn down 
a very small portion of the metal at the commencement 
of the thread, whether internal or external, to the size 
of the bottom of the threads ; this acts as a guide to 
the workman, as, when the screw-cutting tool reaches 
this place, the thread is cut to the proper depth. 

There are one or two features in the slide-rest which 
are used mostly for screw-cutting and work of the Uke 
nature, to explain the uses of which it will be better 
to take an example in screw-cutting, and go through 
the operation with the reader. 

Suppose it to be required to make a screw of, say, 
10 threads to the inch on a steel cylinder, the screw 
when cut to be used as a * hob ' or ' master-tap.' By 
referring to the table, we see that the pitch corresponds 
with a diameter of f of an inch, and if we were making 
an ordinary tap, that is the size we should turn our 
steel, but for a master-tap the diameter must be larger 
by double the depth of thread. The steel should be 
turned down to this size and to the usual shape for a 
master-tap. The smaller part to be made the size of 
the bottom of the thread on the larger. 

The turned steel being placed between the centres, 
take either of the external screw tools, ground to 
the required angle and shape, and place it in the tool- 
holder of the slide-rest, taking care to have it as nearly 
as possible at right angles to the line of centres. 

The requisite change-wheels being put on in place, 
throw the nut of the leading-screw into gear, and just 
move the lathe around by the left hand, whilst screw- 
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ing the surfacing slide towards the work with the right, 
until the point of the tool just touches the surface. 

Unscrew the small screw which fastens the handle h 
to the slide-rest, let the index-spring rest in one of the 
divisions of the division-plate on the slide-rest screw, 
and move the handle h upwards towards the left 
hand. This will have the effect of withdrawing the 
tool from against the work. The lathe is then set in 
motion the reversed way until the motion of the leading 
screw brings the tool's point at the right-hand end of 
the work. Now move the slide screw one or two divi- 
sions of the plate, bring the handle A back to its usual 
position, which will throw the tool again inward, and 
start the lathe in the forward direction. The tool will 
then traverse along the surface, and cut a spiral line. 
At the end of its cut withdraw the tool by moving up 
the handle A, reverse the lathe, and, whilst the slide- 
rest is running back, move in the tool one or more 
divisions of the index plate. When the tool gets to 
the end, again reverse the lathe and throw the tool 
into cut. Proceed in the same manner until the re- 
quired depth is attained. 

To cut a good screw, the tool must be sharp and of 
the right shape, and especial care be taken that it has 
plenty of clearance and does not rub at the sides. 
The lubrication must be plentiful, and the finishing 
cuts slight. 

The tool should always be withdrawn before the 
lathe is stopped or reversed, and its point must not be 
allowed to come against the right-hand lathe-centre. 

It will generally be expedient to tie the lathe 
carrier to the driving arm, and when a tool is changed, 

M 2 
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care must be taken to re-adjust it so that it will enter 
the groove already cut. 

The amateur will probably imagine that if he were 
to cut a groove in a cylinder on reversing his lathe the 
tool would run back in the groove ; but this is not the 
case. He will find on reversing, that the lathe-spindle 
will run back some distance before the tool will com- 
mence moving ; this, as previously explained, is owing 
to the clearance between the teeth of the wheels, and 
play of the leading screw, &c., and is termed ' loss of 
time.' 

SELF-ACTING DRILLING, BORING, etc. 

The operations described hitherto under the above 
head can all be performed with ease in the self-acting 
lathe ; the various motions of the slide-rest, however, 
afford the means of doing some classes of work which 
cannot be managed in the hand-lathe. The work in 
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most of these cases is fastened to the saddle of the 
slide- rest and does not rotate ; the boring tool, how- 
ever, rotates between the lathe-centres. The required 
traverse is obtained by moving the slide-rest along the 
bed, and not by any movement of the cutting tool. 

The boring bar. Fig. 162, is the instrument in most 
general use, and very useful and efficient it is. It is 
placed between the lathe-centres, and is usually driven 
by a carrier. A glance at the figure will show the 
reader that it is simply a straight bar of metal — ^gene- 
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rally steel. It is centred at the ends like a mandnl, 
and has two or three slot holes cut through it to re- 
ceive various shaped cutters ; these cutters are fastened 
in place by a small wedge driven in the slot at the 
back of the cutter precisely the same as at Fig. 117. 
Several cutters are shown in the bar, to give the 
reader an idea of the manner in which each sort is 
fastened in proper place for use. 

The cutters used in this bar have only two cutting 
points — ^frequently only one — ^but for large holes a 
stouter bar is used, and the cutters are more numerous, 
being 4, 6, 8, or any higher number according to the 
size of the hole. They are arranged round a boss 
which can be keyed to the bar in any convenient part 
of its length ; the cutters are fastened to this boss by 
being wedged in a dovetailed groove. This instru- 
ment is driven in the lathe in the same manner as the 
last. Frequently, every alternate groove of the cutter 
boss is fitted with a piece of hard wood, which, bear- 
ing against the side of the hole, steadies the bar, and, 
by preventing vibration, causes a better hole to be made 
than when all the grooves are fitted with cutters. 

When either of these instruments is used, the work 
through which the hole is to be bored is fastened to 
the receiving plate of the slide-rest by bolts, or by any 
other convenient means, and so that the axis of the 
required hole shall coincide with the line of lathe- 
centres. The work must of course have a rough hole 
through it to allow the boring bar to be put in place. 
The cutter is then set to take the proper depth of cut, 
and the lathe being set in motion and the handle d 
depressed, the leading screw will carry the work forward 
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against the rotating cutters, and the hole will be 
bored. 

All large holes should be bored at one operation-^ 
that is, when the finishing cut is taken, the hole should 
be gone through without stopping the lathe, as otherwise 
if the hole be bored partly through and the lathe then 
stopped long enough to allow the metal to get cool, 
the hole will neither be smooth nor parallel. 

For boring with the small bar, one of the cutters a 
or b is used. The cutter a is also used for facing up 
the end of the hole, or recessing, the same as the drill 
at Fig. 116. For facing up the boss or sides of a hole, 
the cutter c is used, and for cutting a screw inside or 
outside a hole in an article which cannot be con- 
veniently attached to the face-plate of the lathe, the 
cutters d or e are used. 

These two last cutters are, however, but seldom re- 
quired, and their use is very inconvenient owing to the 
difficulty of reversing the lathe and running the work 
back. Nevertheless, with care and patience, these tools 
will enable the operator to cut a very good thread in 
the cases mentioned without the expensive apparatus 
otherwise required. When cutting a screw by this 
means, the proper change-wheels for the pitch must of 
course be used to obtain the traverse of the work. 

In some cases where the strain on the cutter is such 
as to cause the bar to swerve from its work or vibrate, 
it will be found expedient to steady the bar by running 
it in the bearing at Fig. 128, as near the cutter as it 
can conveniently be placed. 
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TURNING IRREGULAR SHAPES. 

If the reader will refer to the side elevation of the 
slide-rest, Fig. 137, he will there see some mechanism 
which has not yet been explained. This mechanism 
I have contrived for the purpose of turning articles 
of irregular shape in the screw-cutting lathe. It 
differs both from the Blanchard or copying lathe and 
the Bose engine lathe, and is of more extensive appli- 
cation than either. 

A stationary point held against a rotating surface 
will describe a circle, but if that point have also a 
varying reciprocating motion, towards and fix)ra the 
centre of rotation, it is evident the point will no longer 
describe a circle, but a figure whose shape will depend 
upon the relative motions of the rotating surface and 
reciprocating point. 

The mechanism attached to the back of the slide- 
rest is for the purpose of giving the tool's point the 
varying reciprocating motion necessary to produce the 
required irregular shape. 

The shaft A at the back of the lathe-bed carries 
a small wrought-iron mitre-wheel ; this wheel is, by 
means of a sliding key, allowed to sUde anywhere 
along the shaft, following the motion of the saddle, but 
cannot rotate except when the shaft rotates. This 
mitre-wheel gears into a similar wheel below it, and 
which is attached to a short vertical stud or shaft, 
having its bearing in the casting bolted to the slide- 
rest saddle. At the other end of the vertical shaft is 
a spur-wheel, one of a series of changes, any of 
which may be placed on the shaft as occasion requires. 
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The frame casting also carries another vertical shaft, 
longer than the former, and which revolves in a long 
boss forming part of the frame. At its lower end the 
shaft is fitted to receive a change-wheel, driven either 
directly by a wheel on the other shaft, or, through 
douHe or single intermediates, placed on a socket 
which revolves on a spindle attached to the radial arm. 
This arm radiates from the centre of the longer ver- 
tical shaft, and is fastened at any required angle by 
tightening the nut on the boss of the frame casting. 
This nuty it may be mentioned, should have a left- 
handed thread. The arm has a slot for receiving the 
intermediate spindle in the usual manner. 

The top of the vertical shaft has a large collar or 
disc, and to this is fastened another disc or iron plate, 
and these are so fitted as to be quite free from shake, 
or in fact to be like one piece. 

The fastening is made by two bolts with T-heads 
fitted into a circular under-cut groove in the top plate, 
and passing through the collar on the vertical spindle. 
The edge of one disc is graduated, and the other has a 
pointer attached to it; the top plate may therefore 
be moved round any number of divisions, and there 
fastened by tightening the nuts below. This move- 
ment is easily made by hand, but, if preferred, the 
edge of one of the discs can be made into a tangent 
wheel, and a tangent screw attached to the other. 
The movement may then be made with greater ease 
and exactness by moving the tangent screw one or 
more turns. 

The top surface of the upper disc is fitted with a 
number of holes tapped to receive screws of the same 
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fidze, and also a large hole in the centre, which is also 
tapped. The tapped holes serve for fastening a shaper- 
plate, or cam plate, to the upper disc, and the central 
hole serves to keep the shaper-plates in position, by 
means of a pin fitting into it, and also fitting a hole in 
the shaper-plates. 

The screw of the surfacing slide is continued out- 
wards past the worm-wheel and clutch behind, and is 
there fitted with a bearing on which the sliding guide 
is placed, and fastened there by a nut, on the extreme 
end of the surfacing-screw. The sliding guide has 
three holes through it, the central one is the bearing 
for the screw, and the outside ones are made to fit the 
guide bars, and slide upon them. The sliding guide 
has also several other holes underneath for attaching 
various rubbers. The shape of the rubber will vary 
with the shape of the copy-plate. In some cases the 
rubber is a fiat bar, in others a roller on a small 
spindle, and again in others an angular point. 

On the lathe being set in motion, the bevel-wheel 
on the shaft A will drive the first vertical spindle, and 
the motion will be communicated to the other vertical 
spindle, and consequently to the discs and the shaper- 
plate fastened to the disc. The shaper-plate, in re- 
volving, presses against the rubber attached to the 
sUding guide, and this guide will be moved on the 
slide bars, and will cause the surface screw also to 
reciprocate or move endways in its bearings. The 
reciprocating motion of the screw will of course be 
partaken of by the surface slide, and tool attached to 
that slide. 

When using this apparatus, before starting the 
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lathe, care must always be taken to move the nuts 
which act as collars in front to the surface screw, a 
sufficient distance on the screw to allow of its so 
reciprocating ; should this not be done, some part of 
the mechanism will be strained or broken. 

The velocity of the reciprocating motion of the 
screw will vary according to the shape of the copy- 
plate, and its shape therefore will govern the shape of 
the work produced. The rubber is kept up against 
the copy-plate by a weight attached by a cord to the 
surface slide. The cord is passed over a pulley at back, 
so that the surface slide may be moved anywhere on 
the saddle without influencing the pressure against the 
shaper-plates, the only difference being that the farther 
the surface- slide is moved from the centres, the higher 
will the weight be raised off the ground. 

The rubbers should be of steel, nicely pohshed and 
hardened ; the copy-plates are also best made of steel, 
but I frequently use both cast and wrought iron. 

The surface-slide should be kept well oiled, so as to 
slide freely, as then the weight required to keep the 
rubber in contact with the shaper-plate is not so great. 
No more weight should be employed than is absolutely 
necessary. 

The shape of the copy-plate is not as a rule very 
difficult to ascertain, but the shape of that plate is not 
always the shape of the figure to be produced ; 
although for most required shapes a copy-plate of the 
same shape, having equal angular velocity with the 
figure turning, can be made to produce its counterpart. 

If we use a circular copy-plate, placed eccentric 
with the copy-plate disc, the figure produced by a 
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point-tool on a surface attached to the face-plate will 
be determined by the position of the point of the tool, 
its distance fix)m the lathe-centres, and whether above 
or below the centres. 

1. It is, therefore, essential in most cases that the 
tool's point should be level with the centres. 

2. With equal revolutions of copy and work, and 
when the tool's point describes a figure much smaller 
than the eccentric plate, the figure produced is cardoid, 
or shaped like a heart, and this shape will gradually 
become more decided, and finally become looped, as 
the figure becomes very small. 

3. When the figure is of the same size as the copy- 
plate, its shape will also be the same, namely, an 
eccentric circle, and this rule applies to other shaped 
copy-plates. 

4. When the figure is made much larger than the 
copy-plate, its shape is still the same as the copy, but 
the eccentricity will not be increased, the motion of the 
tool's point being the same in every case. 

The tool's point describing an eccentric circle on a 
surface, if this point be traversed by the leading screw 
in the usual manner, an eccentric cyHnder is produced, 
and this cylinder may be turned the entire length of 
the distance between the lathe-centres, as in ordinary 
traverse turning. 

For producing an ellipse, the copy-plate must be 
an ellipse having equal rotations with the lathe- 
spindle, or it may be an eccentric circle rotating 
twice whilst the work revolves once. In either case 
the shape of the ellipse produced will be determined 
also to a great extent by the position of the tool's 
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point. By altering its position, ellipses of almost any 
proportion may be made from one copy-plate. 

Parallel eccentric circular, and parallel elliptic, and 
other shaped shafts, are thus produced by traversing 
the tool in the usual manner. 

Taper eccentric circular, taper eUiptic, and other 
shaped articles, are turned also just as for plain con- 
centric circular turning, namely, by moving the head- 
stock out of line, or speeding the surfecing slide 
screw. 

Spiral eccentric circular, spiral elliptic, and other 
shaped articles, are turned by giving the simper-plate 
a slightly faster or slower speed than the work. In 
the case of the former, the line passing through the 
concentric and eccentric centres, and in the other case 
the long diameter continually alters its position at 
every revolution of the "work. Thus, when turning a 
spiral elliptic shaft, if the difference between the speeds 
of the work and copy-plate be the one-hundredth of a 
rotation, then at every rotation of the work, the long 
diameter of the eUipse will be ^-J-^^ of a revolution be- 
hind or in advance of the same diameter of the ellipse 
which was cut at the last rotation. At the end of 
twenty-five rotations of the work, the long diameter 
will have shifted just quarter round, at fifty rotations 
just half round, and at one hundred rotations the 
spiral will have made one complete turn. This work 
is very singular in appearance ; when cutting, it looks 
like and really is a double-threaded screw or spiral, 
and is cut with a slow traverse of the tool. If the 
copy-plate rotate faster than the work, the spiral will, 
be left-hand ; if slower, it will be right-hand. 
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The pitch of the spiral depends upon the relative 
speeds of work, copy-plate, and screw. The figure 
makes one complete turn in every one hundred or 
other number of rotations ; the pitch of the spiral wiU 
consequently be the distance traversed by the tool 
whilst the work has rotated one hundred times. The 
article may be made of a tapering spiral-elliptic, or 
other shape, by shifting the head-stock, or speeding the 
surface slide. 

When the leading screw is driven in the usual 
manner by the change-wheels, the spiral is formed of 
one continuous line, but it may be formed of a series 
of separate circles, by disconnecting the leading screw 
and back-shaft, and by moving the leading screw a 
certain portion of a rotation by hand after turning 
each circle. 

A secondary spiral or screw may be cut upon these 
shapes in almost any position, and either with rotating 
driUs, revolving cutters, or ordinary tools, as is most 
convenient. 

Some of these shapes, both wood and metal, can 
be cut with the same tools that are used for ordinary 
cylindrical turning, but in most cases the work is 
better performed by revolving cutters in the wheel- 
cutting apparatus, or other frame made to carry a 
cutter, but without the slides. 

The shapes to be produced are almost unhmited, 
and I purpose giving more information on this point 
when treating of ornamental turning. The foregoing 
examples are given mostly to show how all the various 
motions may be combined, each being capable of inde- 
pendent alteration and arrangement. 
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The shaper-plate, &c., will not admit of very rapid 
using, and in most cases it is advisable to keep its 
speed as slow as possible. When the work is such 
that revolving cutting tools are used, the lathe is only 
required to move very slowly ; in these cases, therefore, 
the lathe must not be driven by the belt in the ordi- 
nary way, but by the worm and wheel oa the leading 
screw. This manner of driving I find convenient for 
most work when the copy-plate runs at the same speed 
or faster than the lathe-spindle. 

The irr^ular shape mechanism is very useful when 
applied to turning cams, the cutting tool being either 
tiie ordinary slide-rest tool or a revolving cutter, ac- 
cording to the shape and size of the cam. They are 
thus turned far better and cheaper than by the old 
process of chipping and filing to a template. 

Another useful application is to the cutting of 
curved slots and grooves ; this is done by a rotating 
drill in a frame, guided automatically by a properly- 
shaped copy-plate. 

It will be understood that when articles are to be 
turned of irregular transverse section only, the work 
and copy-plate must make equal rotations ; when the 
position of the shape is required to vary, there must 
be a slight difference between the number of rotations. 

By giving the copy-plate a very slow motion com- 
pared with the work, instead of the article being 
turned of irregular transverse section, it is turned 
circular, but of irregular longitudinal section. For 
instance, by means of this mechanism, we can produce 
taper shafts and angular work. The shaper-plate for 
this work must be a portion of a true spiral, and the 
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rise of this spiral will determine the difference between 
the small and large diameters of the shaft, and the 
relative speeds of leading screw and copy-plate will 
determine the length of the base of the taper-shaft 
or angle. Thus if the spiral have a rise of a quarter 
of an inch, the large diameter of the shaft will be 
half an inch larger than the small diameter, and 
the base of the angle will be equal to the distance 
travelled by the tool whilst the shaper-plate has made 
its rotation. 

With an eccentric circle, as the shaper-plate, and 
with it rotating slowly compared with the work, the 
work produced is of circular section, but is longitudinally 
formed of a series of alternating internal and external 
curves. The difference in diameter of the small and 
large places is equal to double the eccentricity of the 
copy-plate, and the length of the curve is equal to the 
distance travelled by the tool during one rotation of 
the copy-plate. This irregular shape can be continued 
for any length, or can be varied by making it tapering 
in the same manner as for ordinary tiu-ning. 

A screw or spiral of fine or coarse pitch can also 
be cut upon these shapes just as easily as upon a plain 
cylinder. 

In these applications of the mechanism, the copy- 
plate runs much slower than the work, so thereforie the 
work, even if of wood, may be run at about its usual 
speed ; and the ordinary slide-rest tools I find to act 
efficiently. 

Eccentric circular plates of different degrees of 
eccentricity are very useful, but it is not necessary to 
have a separate plate for each purpose, as one plate 
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may be made with a slot, or long hole through it, and 
fastened to the disc-plate either by one or two screws/ 
The slot-hole allows the eccentricity of the plate to be 
varied, which is very convenient, and this is the plan 
I adopt in my own practice. Many sorts of work for 
which the eccentric circle copy-plate is applicable will 
present themselves to the reader's mind, but I will 
mention one or two. The connecting-rods of steam- 
engines, &c., require to be turned larger towards the 
middle, and the boundary lines of their longitudinal 
section form portions of curves of very high radii. 
These shapes are very readily obtained by an eccentric 
circle for the copy-plate, speeded to get the right length 
of chord. The faces of pulleys for belts again require 
to be curved, and this curve can be given to any extent, 
and either to one pulley or to any number on the 
same shaft, by the repeated rotations of an eccentric 
circle for the copy or guide-plate. 

By using guide-plates, of other shapes, moulded 
shafts are produced. The drawing-rollers of spinning 
machinery, ships' bolts with countersunk heads, &c., 
can be turned with as little attention on the part of the 
attendant as plain cylindrical shafts, the shapes being 
produced automatically. Care must, however, be taken 
on changing tools to put the cutting point of the fresh 
tool in the same place as the point of the tool removed. 
This precaution is essential. 

A shaper-plate can also be arranged to automatically 
throw the tool out of cut when screw-cutting, and to 
do a great deal of other useful work, and the same 
apparatus will do a great variety of ornamental work, 
but its uses in this respect will be explained here- 
after. 
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WHEEL-CUTTIKO. 

To be able to cut wheels ia a great desideratum, 
and wheel-cuttiog engines being rather expensive, not 
only the amateur, but the professional uiechanic, will 
find it very convenient to have a small apparatus 
attached to the lathe to answer that purpose ; and as 
that apparatus is useful for other work, its cost will be 
but small in comparison with its uses. 

The contrivance shown at Fig. 163 answers its pur- 



pose well, and is a very valuable addition to the lathe. 
It consbts of an upright A with its bottom planed, 
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and a slot-hole through it, and two slides at right- 
angles to each other traversed by the screws a and h. 
The position of these slides, with regard to each other, 
is immovably at right angles, but the slides caa be 
placed at any angle with the surface of the lathe-bed, 
by slacking the nut c, and moving round the slides ; 
the back surface of the slide a and the front surface of 
the upright A being fitted to each other, so as to allow 
of the fonner being swivelled and fixed in any required 
position by tightening the nut c. 

The bottom of the upright is arranged to be bolted 
to the receiving slide of the slide-rest, and this can be 
done in any position, and the traverse of the slides 
made to have any required angle with the fine of lathe- 
centres. All these' adjustments are useful, ns will be 
seen. 

Both slides should have means of taking up wear or 

slackness, by being fitted with a loose strip d. The 

moving part of the fixint slide carries projecting arms 

fitted with bearings for receiving the cutter spindle B. 

Fie. 1C4. '^^^ ***P bearing is an ordinary parallel neck 

bearing, with a moveable cap ; the bottom is 

a centi'e point bearing, the end of the cutter 

spmdle is turned to a centre, and rotates in a" 

corresponding female centre in the footstep e. 

This footstep passes through the arm of the 

slide and is screwed each side, and fitted with 

adjusting nuts for taking up any wear of the 

cutter spindle, and preventing end play and 

shahe. The cutter spindle shown in place is 

far carrying a cutter for wheel-cutting in metals. 

One of these instruments is shown at Fig. 164 ; it is 
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placed on the spindle and held between the collar and 
the nut/, a small key on the spindle, and a key groove 
in the cutter, more effectually preventing the latter slip- 
ping round on the former. All the cutters should be 
made with the same sized hole and key groove, so that 
they may all be used alike on the spiodle, by removing 
one and substituting any other. The top end of the 
cutter spindle has a spur-wheel g keyed on it, and this 
wheel is geared into by a small pinion A attached to 
the pulley i. Both the pulley and the pinion revolve 
freely on the spindle /. i A are a pair of guide 
pulleys carried by an arm at- 
tached to the spindle / in ^•'- ^^^ 
the manner shown ; these pul- 
leys may be shifted round 
and placed in any convenient 
position. 

The spindle at Fig. 165 is 
for carrying cutters for wood ; 
one of these cutters is shown 
in place, it is merely a flat 
piece of steel filed at one end 
to the shape required, and 
nicely sharpened on the oil- 
stone. 

The spindle carries a small 
pulley on its other end, and is 
driven withoutthe intervention 
of gearing, as a greater speed is 

required for cutting wood than for metals. This spindle 
is made to fit into the bearings of the instrument in the 
same manner as the one shown in place at Fig, 163. 
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The wheels used in mechanism are termed spur- 
wheels, bevel-wheels, spiral-wheels, worm-wheels, ob- 
lique-wheels, and racks. 

Spur-wheels are those whose teeth are cut on a 
cylinder. The wheels g and h are spur-wheels, they 
are used to transmit motion when the axes are parallel 
to each other. 

Bevel-wheels have their teeth cut on fr ustra of cones, 
and are used to convey motion when the axes are at an 
angle to each other, but in the same plane. 

Skew bevel-wheels are very similar to the last, but 
are used to communicate motion when the axes 
are at an angle with each other, but not in the same 
plane. 

Worm-wheels are those driven by an endless screw 
or worm, and are used to obtain very slow motion 
when the axes are in different planes, and at an angle 
to each other. 

Spiral-wheels are portions of many-threaded screws, 
each tooth being a portion of the thread of a screw of 
coarse pitch ; they are used when the axes are in dif- 
ferent planes, and at an angle to each other, and when 
the motion is not required to be reduced so much as 
with an ordinary worm and worm-wheel. 

Hooke's oblique wheels are the same as the last. 
One wheel is a portion of a right-handed screw of many 
threads ; and the other a portion of a left-lianded 
screw. They are used to communicate motion under 
the same conditions as spiu- gearing, but when the 
motion is required to be absolutely uniform, and 
without jerk. These wheels are much more used on 
the continent than in this country. Many very excel- 
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lent specimens were exhibited in the. Paris Exhibition, 
1867, applied to various purposes. 

Eacks may be considered as spur-wheels of infinite 
radii ; in these the teeth are cut on flat rods of metal, 
and they are geared into by spur-wheels. 

Worm-racks are those geared into by a worm or 
worm-wheel. 

The methods of striking out the various shaped 
teeth, the relative values of the involute, epicycloidal, 
Willis', and other shaped teeth, &c., form no part of 
the present work. 

Most small gearing is now constructed according to 
the approximate epicycloidal method of Professor 
Willis. Almost all the old millwrights had a method 
of their own for striking out their gear teeth, and of 
course each method was considered by its user better 
than all the rest. There is still a number of different 
sorts of teeth in use, but whatever shape of tcoth be 
used, the method of cutting it is the same. 

The pitch line, or pitch circle of a wheel, is the 
circle which has a common boundary with the wheel 
with which it is geared. The inverse ratio of the 
diameter of the pitch circles of any two wheels, as 
well as the inverse ratio of the number of teeth in the 
wheels, will give the velocity ratio. 

The pitch of a wheel is the distance between the 
centres of two adjoining teeth, measured on the pitch 
line. 

■ 

For small gearing the pitch is now generally ex- 
pressed by the number of teeth to an inch of diameter. 
By ten pitch is understood that for every inch of its 
diameter a wheel contains ten teeth ; if the wheel were 
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five inches in diameter, it must have fifty teeth. The 
simplicity of this mode of calculating the pitches 
renders it very convenient, and causes it to be exten- 
sively used. 

Small wheels, whether of wood or metal, are almost 
invariably cut out of the solid material. The wheel 
is first bored with its required hole, then turned to the 
size of the outsides of the teeth, and then the teeth 
are formed by cutting out the spaces between the 
teeth. Generally the cutting out is performed at one 
operation, that is, the whole cut is taken at once ; 
sometimes the bulk of the metal is taken out with a 
plain cutter, and the teeth are finished by a cutter of 
the proper shape. 

Whatever the shape of tooth, it is obvious that the 
cutter must be made with a cutting edge the shape 
and size of the required space. And these vary for 
every diameter, as the reader may see by striking 
out, with dividers, on paper or tin, a pinion of say 
twenty teeth and a wheel of 100 teeth. The larger 
the wheel, the smaller the space. It is certain that a 
difference of one tooth in the size of two wheels must 
make a difference in the size and shape of the spaces. 
This difference is so very small, however, that it can 
scarcely be detected, and practically, one cutter will 
answer for wheels of considerable difflerence in dia- 
meter. The cutters are rather expensive articles, but 
it is bad policy to use a cutter for wheels to which it is 
not adapted, for the sake of saving an extra one. They 
can be bought of any size and shape, and instructions 
for making these instruments and others of like nature 
will be given hereafter. 
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The wheels to be cut are placed in the lathe, just 
as for turning ; if driven by a carrier, its arm is firmly 
tied to the arm of the driving plate. The lathe-belt 
is thrown off, as the lathe-spindle is not required to 
revolve. The division index pointer is raised to the 
position shown in the front elevation of the lathe. 

The divisions on the front of the lathe-cone will en- 
able one to divide wheels into almost any number of 
teeth, and other divisions maybe obtained by means of 
change-wheels so arranged that one or more revolutions 
of the leading screw, moved by hand, will cause the 
lathe-spindle to move any fractional part of its revolu- 
tion. But for numbers unobtainable by the ordinary 
dividing plate, it is a better plan to have another plate 
divided as required, and placed on the end of the lathe- 
spindle, the pinion being removed for that purpose. 
The wheel-cutting apparatus is then placed on the 
slide-rest, at a convenient distance from and parallel 
to the pitch surface of the wheel to be cut ; and the 
cutter is adjusted by moving the screw a so that the 
centre of its cutting edge is precisely the same height 
as the lathe-centre. A gut is then passed round a 
large-grooved driving pulley, on the overhead shaft, 
under the guide-pulleys i, and around the pulley !.■ 
On the overhead shaft being put in motion, it is clear 
that the cutter spindle and cutter will be driven by the 
gut as shown. The speeds at which the cutters are 
driven are greater than those at which the same 
materials are driven when being turned. Lubrication 
is required for the same materials as for turning. 

For spur-wheel cutting the traverse can be got either 
by the movement of the slide-rest by hand, or by 



184 LATHES AND TURNING. 

moving the handle 6, either of which will (;ause the 
revolving cutter to be carried past the work, cutting on 
its way a groove, which is the space between two teeth. 
The slide being then moved back, and the division-plate 
moved as many divisions as will give the pitch of the 
wheel, another space is cut in the same manner. 

Bevel wheels having teeth smaller as they near 
the apex of the cone, of which the pitch surface 
is a frustrum, it is impossible to use a cutter which 
will cut the space between two teeth at one operation. 
For a bevel-wheel the cutter is of the size and shape 
of the smallest part of the space between the teeth. 
The slide of the apparatus is placed parallel to the 
pitch surface of the wheel, and inclined slightly down- 
wards, so as to cut one side of the tooth first, the divi- 
sion plate is then moved until all the spaces are cut in 
this manner, after which the instrument is adjusted to 
finish the other side of the tooth in the same way. 

Skew bevels are cut similarly, the slide being placed 
parallel to the pitch surface, but inclined up or down 
according to the amount of * skew,' or inclination of 
the teeth. 

Worm-wheels are cut with the slide b parallel to 
the lathe-centres, and inclined up or down according 
to the direction and pitch of the tangent screw by 
which the wheel is to be driven ; the traverse of the 
cutter being obtained' by moving the screw b. Very 
frequently, however — especially for those purposes for 
which the fit between the wheel and its tangent screw 
is required to be very nice — ^worm-wheels are cut by a 
worm-cutter, that is a cutter the facsimile of the one to 
work into the wheel, but made of steel, and serrated. 
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The spaces are first roughly cut by means of any 
other cutter, rather smaller than the finished groove, 
but no traverse is given it, the slide of the rest being 
merely moved in and out, so as to cut a curved recess 
instead of a straight groove. This being done all 
round, the worm-cutter is substituted for the other, 
the carrier is taken off the mandril, and both centres 
are oiled, so that the wheel and its mandril may rotate 
freely. The cutter is then adjusted to the right height, 
and to the middle of the wheel's thickness, it is put in 
rather slow motion, and set into the grooves already cut. 
In its rotation it causes the wheel itself to rotate, and 
being forced into cut by turning the slide rest-screw, 
the grooves are accurately cut, and a good fit between 
the wheel and its worm ensured. 

Spiral and oblique wheels are the same, and they are 
manufactured in the same manner. I have cut them 
in the lathe with single point tools, in the same manner 
as worms, which in fact they are. They can, how- 
ever, be more satisfactorily manufactured by circidar 
cutters. 

The ordinary spur-wheel cutters are used, and the 
apparatus arranged precisely as for worm-wheel cut- 
ting. The traverse is obtained by change-wheels con- 
necting the cone to the leading screw, and moving the 
slide-rest along the bed, the leading screw being 
rotated by a handle on the end of the tangent screw, 
and by its rotation driving the lathe-spindle through 
the change-wheels. The cutter is drawn out of cut 
on its return traverse by the handle 7i, as in ordinary 
screw-cutting. The wheel is divided, not by the di- 
vision-plate in the usual manner, but by placing a 
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wheel of the same or double the number of the teeth 
of the required wheel on the lathe-spindle end, and 
moving it forward one or two teeth in gear with the 
wheel it drives, for every cut taken. 

For rack-cutting the piece of metal to be cut is at- 
tached to the &ce plate of the lathe in a horizontal 
position, the cutter slide placed exactly vertical ; the 
spindle is then horizontal. Motion is given to the 
cutter in the same manner as before, except that the 
gut need not pass over the two guide pulleys, but direct 
on to the pulley t. The traverse for the cut is of 
course obtained by moving the screw 5, and the pitch 
is divided by moving the screw of the shde-rest. 

With regard to spur-wheels, they are generally 
circular, but elliptical and other shaped spur-wheels 
are frequently required to transmit variable motion. 
Wheels of irregular shape can be turned by the 
apparatus, and in the manner previously described; 
they can also as readily be cut by using tjie wheel- 
cutting apparatus, combined with the shaper-plates. 
Dividing the teeth must, in these cases, be done by 
hand, the division-plate not being applicable. 

The diameter of the wheels to be cut in the. lathe- 
centres is of course limited ; but those who wish to cut 
larger wheels can do so with the same cutting appa- 
ratus, but by having another spindle fastened to the 
lathe-bed at right angles to it. One end of this spindle 
can carry a division plate, and the other end be * 
screwed to receive various sized studs for carrying the 
wheels to be cut. The wheels must project and come 
just outside the edge of the lathe-bed, the cutting appa- 
ratus is placed in the same relative position with the 
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work as before, and the whole operation is conducted 
in the same manner. 

By this means wheels of any required diameter can 
be cut, up to 6 or 8 feet, but the pitch must not be 
very coarse. 
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The very small cuttera used for cutting watch wheels 
are fimall pieces of steel turned to shape, and portions 
of the metal 61ed away to convert the circle into a cut- 
ting instrument. This method is also occasionally used 
for larger wheels, and for cutters for other purposes, 
but only in the absence of the proper instrument. 
The laiger cutters, whether for wheel-cutting or any 
other purpose, are, according to the best practice, care- 
fiilly milled or serrated in a machine for the purpose. 
The cutters made by the machine are much 
better than the ordinary cutters in every 
respect. Their cutting principle is almost 
perfect, they are far more durable, and are 
hardened with greater certainty of not 
flying or warping. Of course, the work 
produced by them is also of a superior 
quality. 

A wheel-cutter is shown at Fig. 164, 
and an ordinary tap-cutter at Fig. 166. 
All these are cut by means of a machine 
or instrument applied to the lathe. Some of these 
cutters, of very good workmanship, are exhibited 
at the Patent Office Museum, South Kensington, by 
Mr. Bodmer, of Manchester, and a machine for their 
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manufacture was shown by Messrs. Fairbairn and Co., 
of Leeds, in the Exhibition of 1862. 

The contrivance described at Figs. 167 and 168 is 
different from, and I believe somewhat simpler than, 
those in ordinary use. It consists of a base plate a, 
which is fastened to the receiving plate of the slide-rest 
by two dovetail bolts 6, in the same manner as the 
rest of the apparatus. The nuts of these bolts are, 
however, fitted into recesses to be out of the way of the 
slide. The bottom of the plate a is cast with a rib, 
which is planed to fit lengthwise in the groove of the 
receiving plate of the slide-rest. This rib answers 
the double purpose of strengthening the plate a, and 
keeping the apparatus in proper position, with one 
of its slides parallel to, and the other at right angles 
with, the line of the lathe-centres. 

The top face of the plate a has two cheeks, form- 
ing the sides of a short slide, and into which fits the 
lower part of the slide c. Tins slide is at right angles 
to the lathe-centres, and is traversed by the handle d 
at the back of the instrument, the link e fonning a 
connection between the handle d and moveable part 
of the slide c. The top of the slide c also has cheeks 
forming the sides of another slide/ at right angles to 
the under slide. 

The slide / is a casting of the shape shown, and 
forming a frame or standard for the cutter sjnndle ff. 
This spindle is of hardened steel, and runs in the 
neck of the frame, and also in a hole in the lower 
part of the slide /, as will be understood from the 
dotted lines. 

The cutters are small serrated pieces of steel, form- 
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ing frustra of cones. One is shown in place, its lower 
edge is just level with the lathe-centres. The cutters do 
not screw directly into the spindle, but into a receiving 
piece which is screwed to the spindle, and forms a part 
of it. The receiving pieces vary in shape, according to the 
cutter to be used. Some of the cutters are very small, 
and therefore will not admit of a hole through them ; 
they are therefore made solid, with a small projecting 
screw, which is screwed into a receiving piece made for 
the purpose. The pulley for driving the spindle and 
cutters is placed between the two bearings of the 
spindle, and being screwed against a slight shoulder on 
the spindle, acts as a collar to keep the latter in place. 

The two small pulleys at the side are merely used as 
guides for the driving gut, which is brought irom a 
large pulley on the shaft overhead, under the guide- 
pulleys and around the pulley on the cutter-spindle. 

If we had to cut teeth longitudinally on and around 
a cylinder, a simple revolving cutter carried by the 
slide-rest, and moved along the cylinder by the leading 
screw, would ans\i"er oiu: piurpose, and we could dis- 
pense with the slides of the instrument just described ; 
but the reader will see, by referring to the figures of 
circular cutters, that the teeth have to be cut on curves 
of different radii and peculiar shape. The slides of the 
milling instrument are devised to enable us to pass 
round these curves, and their action is very simple. 

Whatever shape cutter we wish to serrate, we place 
a shaper-plate h on the raised sides of the base plate, 
of such a shape that, on the handle d being pulled 
out, the bottom slide shall be traversed from the lathe- 
centres — a distance equal to the height of the curve of 
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the cutter from its base, whilst the shj^er-plate, by 
pressing against the guides z, shall cause the top slide 
of the instrument to move a distance equal to the base 
of the curve, and in such a manner that the relative 
speeds of traverse of the two slides shall cause the 
cutter to describe the required curve. 

The shaper-plates are fastened to the plate a by 
screws and washers as shown ; the holes in the shaper- 
plates are slightly slotted or elongated, to allow the plates 
to be arranged the proper distance apart. They are 
made of steel, and carefully hardened, the curved edges 
being also nicely polished, and made as smooth as pos- 
sible. They should be numbered, and a list kept with 
corresponding numbers, mentioning the date of make, 
pitch of wheels (if for a wheel-cutter), or the use of the 
cutter for which the shaper-plates are required. The 
guides i are the rounded and hardened ends of a 
straight piece of steel fastened to the bottom of the 
slide /. 

In using the milling instrument, the cutter to be 
serrated is first turned to its proper shape upon a 
mandril ; great care should be taken to have the 
steel properly annealed. After the blank cutter is 
turned, it need not be taken from the lathe, but the 
milling instrument fastened to the receiving plate of 
the slide-rest in place of the ordinary rest and tool. 

The cutter of the instrument alone is set in motion, 
and the division -plate and index pointer of the lathe are 
used to obtain the required pitch or spacing of the teeth. 
The instrument is brought up to its work by means of 
the traverse of the rest along the bed, and the motion 
of the surface slide. When once adjusted, the position 
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of the instrument should not be altered until the ser- 
rations have been made all round one side, after which 
the shaper-plates should be transposed, and the other 
side of the blank cutter serrated in the same manner. 
The rotating cutter should be kept well moistened, and 
the whole operation conducted in much the same 
manner as wheel- cutting. 

There are one or two peculiarities with respect to 
the size of the small cutters for the instruments, and 
the shape of the shaper-plate which should be under- 
stood. The cutters for serrating the blanks for wheel- 
cutting must not have a greater diameter than that of 
the curves forming the sides of the wheel teeth, plus 
double the depth of the serrations or teeth. 

The guides i may either be round or pointed — if 
pointed, the curve of the shaper-plates will not be the 
same as the curve the cutting-wheel has to describe. 
When these curves difier in shape, there is some diffi- 
culty in finding the shape of the plate necessary to pro 
duce the required curved movement of the cutter ; and 
a special apparatus will be required to facilitate the 
finding of the curves of the shaper-plates. It is 
therefore more convenient to have shaper-plates the 
same curve as the blank to be milled, but in this 
case the ends i of the guides must be made semi- 
circular, and with a diameter equal to the diameter of 
the wheel-cutter, minus double the depth of the ser- 
rations. 

The speed of the cutters should be from 25 to 60 
feet per minute, according to the quality of the steel 
composing the blank cutter. 

Worm-cutters are milled in much the same manner 
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as the ordinary cutters, it being only necessary to con- 
nect the leading screw to the lathe-spindle by a train 
of wheels which will produce the required pitch of 
worm— rthe same wheels, in fact, as were used in 
cutting the worm. The serrations are spaced by the 
division-plate, as before ; but in this case every move- 
ment of a division of the plate not only moves the 
blank cutter round the distance between the serrations, 
but moves the shde-rest and rotating cutter along the 
bed — ^a distance corresponding to the traverse of the 
screw for that portion of its revolution. 

Fly-cutters can also be cut by the milling instru- 
ment with greater precision than they can be filed up. 
The cutter is fastened in the cutter-spindle, the spindle 
itself is then placed between the lathe-centres, with the 
cutter blade lying horizontal. The milling instrument 
is used in the same manner, and with the same shaper- 
plates and same diameter of cutter as for a circular 
blank intended to cut wheel teeth of equal pitch. The 
division-plate in this case is not necessary, but care 
must be taken to hold the blank fly-cutter immoveable 
in the horizontal position. 



FLUTING, FACING AND SLOT DRILLING. 

Wheel-cutting is not the only use of the wheel-cut- 
ting apparatus ; it is obviously of use in many other 
operations of analogous nature. 

Many classes of machinery require long fluted 
rollers, long pinions, &c., and these fluted rollers and 
long pinions being merely spur-wheels of small diameter 
but wide face, are cut in precisely thie same manner as 
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spur-wheels, and with revolving cutters the same shape 
as the groove to be cut. 

The drawing rollers of spinning machinery also are 
fluted with a series of shallow angular grooves, and 
these are easily done in the lathe by a circular revolv- 
ing cutter. 

Key-grooving in shafts, grooving taps and rhymers, 
cutting square, hexagonal, and polygonal shapes, either 
parallel or taper, are also easy of accomplishment with 
circular cutters, the motion being attained by shifting 
the slide-rest very slowly along the bed. The number 
of grooves is obtained by moving the division-plate the 

Fig. 169. 
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required distance, and the taper is obtained by shifting 
the screw headstock out of line, as for tapert urning. 

Spiral grooves of coarse pitch, spiral rhymers, spiral 
drills, spiral squares, and polygons, are cut by revolving 
cutters, the lathe-spindle and leading screw being con- 
nected with a train of wheels of such a ratio as will 
produce the required pitch. The number of grooves 
being obtained by moving the wheel on the lathe- 
spindle or leading screw, and putting it in gear at a 
place one-third, one-fourth or other part of a turn 
from the former place. 

For all sph-al fluting the revolving cutter must be 



FLUTING, FACING AND SLOT DRILLING. 195 

placed at the same angle as the inclination of the 
thread, and for coarse pitched spirals the lathe-spindle 
must not drive the leading-screw, but the leading screw 
must drive the lathe-spindle and work, the motion of 
the lathe being much slowet than that of the screw. 
The leading screw is itself actuated by hand by means 
of the worm and wheel at its end ; the motion must 
be very slow, and a^ regular as possible. The tangent 
screw is hinged, to allow its being withdrawn from 
gear with the wheel when the leading 
screw has to revolve separately. 

By using the circular cutter in conjunc- 
tion with the vibrating slide-rest, squares 
or polygons, either straight or spiral, can 
be cut of very irregular longitudinal sec- 
tions. 

The drilHng instrument. Fig. 169, affords 
a ready and effective means for doing 
much useful work. This instrument is merely a steel 
spindle, rotating in a long steel bearing, which is made 
square on the outside for fitting the ordinary tool- 
holder. The steel spindle in front is fitted with a 
male screw, and also a hole for receiving the various 
drills and cutters, and at back it carries a grooved 
pulley, by which the drills are driven by a gut from a 
pulley on the shaft overhead. 

The drills for using in this instrument are shown at 
Figs. 170 and 171. 

The flat-faced drills are much used for cutting key 
grooves. The shaft in which the groove is to be cut 
being placed between the lathe-centres and held without 
moving ; the drilling instrument is placed in the tool- 
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holder, with its centre just level with the lathe-centre. 
The drill should be at right angles to the surface to be 
cut, and therefore of course quite horizontal. In using 

the drill, it is put into rotation, its point 
*^®' ^'^' kept lubricated, and a cut taken by mov- 
ing the surface slide farther in. The 
slide-rest is moved along until the drill has 
taken a cut of the required length ; it is 
then set farther in to take another cut, 
and is again traversed along the groove. 
This is continued until the key-groove is 
made the depth required. Slot-holes and 
mortices are cut in connecting-rods and boring-bars, 
&c., by continuing the depth of the slot until the drill 
— ^which should be rather smaller than the finished 
slot — ^has cut rather more than half through the shaft. 
The shaft is then turned half round, and the drill worked 
the other side until the hole is through ; after Avhich a 
proper-sized drill is worked quite through from one 
side to finish the slot. 

Key-grooves and mortices are made in this manner 
much faster and better than by the old method of 
drilling, chipping, and filing. 

Flat grooves and slots may be drilled spirally by 
giving the required relative speeds to the lathe-spindle 
and leading screw. The same methods are applicable 
to woods and all the metals. 

By turning the drilling instrument a quarter round, 
so as to be at right angles to the face-plate, grooves and 
slots may be cut in work on the face-plate — radially, 
by having the work stationary, and moving the surface 
slide of the rest ; concentric and circular, by having 
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the drill stationary, and moving round the work. In- 
volute spiral grooves or slots may be cut by having 
both the work in rotation and the drill travelling, the 
lathe-spindle and surface-screw of the rest being con- 
nected by changes. And eccentric-circular, elliptic, 
cardoid, and cam grooves, by using the revolving drill 
with the irregular-shape turning apparatus in the manner 
already described. 



PLANING AND SLOTTING. 

Amateurs who wish to make their own turning and 
other apparatus will find a planing head very useful. 
There are many varieties of this contrivance, all derived 
from the planing machine of the engineers. It is, of 
course, far better to have a small plane apart from the 
lathe, — a separate or special machine in fact ; but this, 
of course, is more expensive. 

In those instruments applied to the lathe, the slide 
of the rest is generally used as the plane sUde, and to 
this is attached the work, the tool being carried by a 
frame with a slide for obtaining the side traverse. All 
the tool frames I have seen are much too heavy and 
clumsy — so much so as to make it almost necessary to 
use a block and tackle to take them on and off the 
bed. Another variety of planing apparatus has revolv- 
ing cutters instead of the ordinary tool. This instru- 
ment cannot, however, be recommended. 

One of the uses to which a planing apparatus is often 
applied is to plane the V-slides of the various chucks 
and cutting instruments ; and in order that these may 
be so planed, the tool must be carried by a swivelling 
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head, or a head which will enable the tool-slide to be 
placed at any required angle. 

The contrivance shown at Fig. 172 is designed for 
use with the lathe shown at Figs. 138, &c. 

It confflsta of a hollow caat-iron box or frame, or tool 
head, which is planed to fit on the lathe-bed, where it is 
firmly bolted ; it ia, of course, removable at pleasure. 




The box frame terminates in firtnt in a circular 
flange, to which is bolted the slide-head, this also 
is circular ; the bolts fastening the two together have 
dovetail heads, and fit into a circular dovetail groove 
cut in the back part of the slide-head. The bolts 
come through ike flange, and are then fitted with nuts, 
as will be seen. It will easily be understood that the 
slide-head can be turned round in either direction, 
and to any extent without difficulty, as the dovetail 
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heads of the bolts will slide in the circtdar groove, and 
are not at all affected by the rotation of the slide-head. 
The tool is held by a swiveUing slot tool-holder, 
moving on hinges or centres, which allows the tool to 
rise on the return stroke, and prevents damage to the 
point of the tool. The holder is attached to the tool 
slide, and the slide can be traversed by moving the 
screw-handle seen on the top. 

Small work can be conveniently attached to the 
shde-plate of the rest by being held in a planing 
machine vice bolted to the receiving plate. Larger 
articles are fastened to the plate by bolts in a manner 
depending upon the shape of the article. 

The ordinary slide-rest tools are used with the appa-- 
ratus, some few special ones being occasionally neces- 
sary for particular work. The article to be planed 
having been fastened to the receiving plate of the slide- 
rest, the rest is moved backwards and forwards under 
the tool, the depth of cut and vertical traverse being 
given by turning the handle of the tool slide, and the 
horizontal traverse obtained by moving the handle of 
the surfacing slide of the rest. When cutting V-slidea 
and angles, the tool slide must be placed at the required 
angle by moving round the slide-head. The depth of 
cut is then given sideways by moving the slide-rest 
screw, the traverse being obtained by moving the 
handle of the plane slide. 

All movement into cut must be given between the 
termination of the return stroke of the work and the 
commencement of the cutting stroke, and not before, 
as the tool would otherwise have to rub back against 
its cut, which is to be avoided. The various traversesi 
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can easily be made self-acting if necessary, but that I 
leave to the ingenuity of the amateur. The speed for 
cutting should be rather less than when turning. 
Wrought iron and steel require the same lubrication as 
for turning. 

So far as the plane-head is concerned, a cheaper 
apparatus can be used, inasmuch as the head-iShde and 
tool-holder can be dispensed with, and the small com- 
pound slide-rest and holder belonging to the lathe 
used instead. This is not quite so complete ; never- 
theless, I can vouch for its answering the purpose. It 
also can be adjusted to cut at any angle, and it has the 
additional advantage of allowing of the adjustment of 
the slide for position and height. 

Hitherto I have only spoken of the plane-head and 
the slide, and mentioned that the work must be tra- 
versed backwards and forwards under the tool ; this 
traverse, of course, can be obtained from the screw, 
but to do so is inconvenient and inadvisable. It should 
be obtained from a crank arm with adjustable throw, 
and forming part of a large wheel of about 12 inches 
diameter, fastened horizontally on the bed, and geared 
into by a small pinion of about twenty teeth, on a 
spindle, having a small pulley for receiving motion 
from the overhead shaft, by means of a leather belt or 
a gut line. The crank arm is connected to the saddle 
by means of a strong connecting-rod. 

The most convenient manner for using the apparatus 
is to place the plane-head near the cone headstock with 
the shde projecting towards the right hand, the crank- 
wheel is placed between the slide-rest and the screw 
headstock. The travel of the work is of course forwards 
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and backwards, a distance equal to double the eccentri- 
city of the crank arm. The throw of the crank should 
always be adjusted to give the saddle a traverse equal 
only to the length of the work to be cut. 

It is easy to combine the plane-head and the traverse 
mechanism in one, but this is not so convenient as 
having them separate, because the traverse mechanism 
is useful for other purposes. For instance, with the 
traverse apparatus and a tool, such as Fig. 173, placed 
in the slide-rest, slotting or paring may be efficiently 

Fig. 173. 



accomplished on work fastened to the face-plate of the 
lathe. The circular motion of the lathe, and the 
straight line motion of the saddle-slide, allow a variety 
of useful work to be done which would otherwise 
require the laborious use of the chipping chisel and file. 
Amongst such work may be mentioned cutting key- 
ways in the holes of wheels, and other articles, paring 
the curved parts of the bosses of levers that will not 
admit of being turned, shaping the edges of work that 
cannot conveniently be fastened to the slide-rest and 
planed. 

The traverse mechanism is also useful in conjunc- 
tion with the drilling frame for slot-drilling and other 
work. 

AITENTION TO THE LATHE, REPAIRING TOOLS, etc. 

Lathes and tools, being subjected to usage and wear, 
need care and attention to prevent unnecessary damage, 
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and occasional renovation to repair the deterioration 
resulting from ordinary wear. 

The wearing surfaces of the slides should be kept 
lubricated with good clean oil, and dust or grit of any 
sort prevented getting about them. However much 
care be taken, it is not possible to keep off all dust ; it 
is, therefore, advisable to occasionally take apart the 
wearing surfaces, and clean off all the oil and dust 
adhering to them, taking care to well lubricate the 
surfaces before again setting the apparatus to work. 

Proper holes should be made to allow of easy 
application of the oil, and these holes should always 
be kept open and free from dirt, as otherwise they are 
worse than useless. 

It is especially difficult to prevent grit getting be- 
tween the surfaces of the slide-rest and bed ; but this 
must be done as much as possible, or the surface wiU 
soon become scratched with deep lines, and also 
* untrue/ 

Soda-water does not rust wrought iron, but if 
allowed to remain on un-oiled cast iron for any length 
of time, rust will be formed ; this, if not allowed to 
get very deep, may be rubbed off with a piece of oily 
waste, without leaving any disfiguration. 

The various slides of the lathe and rest should be 
tightened up as soon as they wear slack and begin to 
vibrate, all well-made lathes having their slides pro- 
vided with a loose cheek and side screws for the pur- 
pose of taking up the wear. 

The necks of the lathe-spindle must also be screwed 
together whenever the spindle begins to vibrate, or give 
endways against the cut. 
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Aa a rule, all meddling with the adjustable parts of 
the lathe is to be avoided, and no change made unless 
required, which, with proper usage and good work- 
manship to begin with, will in every part be very 
seldom. 

The lathe-centres must occasionally be looked to, 
and a spare set kept on hand. With use the stationary 
centre will get blunt, and they both, even with care, 
will sometimes get broken off; they will then need 
re-turning, and to that end must be first annealed, and 
then screwed into the lathe-spindle and turned to a 
gauge. The proper angle must always be retained. 
They must not, therefore, be turned at random, but 
turned carefully to fit a thin sheet steel gauge made to 
the right angle. They must then be hardened and 
tempered, after which placed ^ain in the centre hole 
of the spindle, to see whether they run true. 

It will sometimes happen that they were not screwed 
up quite tight when being turned, or that a bit of dirt 
was between the surfaces that should have been in 
close contact, and sometimes the centre will warp in 
the hardening. In either of these cases, on the centre 
being returned to the lathe-spindle, and set in motion, 
it will be found that the points will not run true, but 
will be eccentric or erratic. An untrue centre in the 
lathe-spindle would cause the work turned on it to be 
eccentric to the centre mark, so that when changed 
end for end the turned part will run eccentric, and the 
shaft will be untrue. 

An untrue centre in the screw-spindle may or may 
not make any difference ; this depends on the position 
of the point when in its place. If the point of the 
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untrue centre and the point of the proper centre be in 
a vertical line, the work will be either very slightly 
raised or lowered, and very little, if any, differ- 
ence be made to it; but if that line be horizontal, 
the work turned between the centres will be either 
rather larger or rather smaller at that end than at the 
other. 

Should a tool or drill break off, and become much 
damaged, it must be annealed, and brought to shape 
roughly again by forging or filing, after which it is 
hardened and tempered, and ground again to the right 
shape for use. 

Most of the ordinary tools are hardened and tem- 
pered at one heating, the tool being made red-hot for 
some distance, and the cutting part only quenched in 
water, the heat in the remaining part being generally 
quite sufficient to reduce the steel until the proper 
coloured oxide is formed. When the end of the tool 
is quenched it is usual, on drawing it out of the water, 
to rub the hardened part quickly on a piece of brick, 
as this brightens it somewhat, and allows the colours to 
be better observed. When the required colour appears 
the whole tool is quenched in the cooling trough. 
Other more delicate tools are first hardened altogether, 
and then tempered by being held on a lump of hot 
iron until the colour appears, when they are again 
immediately immersed. 

Circular cutters require that the water of the cooling 
trough should be still, and not oscillating or in waves ; 
the hot cutters must also be immersed flatly and moved 
quickly but steadily up and down under the water. 
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They are best held by a three-branched spring made 
of wire, and paased through the hole ; the wire does 
not interfere with the cooling, as it allows the water 
free access to the hole, which is a great desideratum, as 
otherwise the contraction is unequal, and the cutter 
frequently either warps out of truth or * flies ' — that is, 
cracks. These cutters require to be carefully tempered, 
but, so far as my experience goes, it makes no dif- 
ference whether they are tempered by being placed 
on a hot lump of iron, or immersed in oil and 
* blazed off.' 

For heating tools and for hght forgiug the neat 
little forge shown at Fig. 174, 
made by Messrs. Haudyaide, of '^' 

Derby, is commended to the 
notice of amateurs. 

Emery glazing-wlieels, when 
worn smooth, are renovated by 
first washing off all the remain- 
ing emery, then coating with 
good glue, and rolling in emeiy 
of the required degree of fine- 
ness. When the glue is dry the 
wheel is again ready for use. 

The following remarks on tempering tools have 
been kindly contributed by Mr. James Nasmyth. 

HARDENING AND TEMPERINQ STEEL TOOLS. 

Whatever be the efficiency of the construction of a 
lathe or other machine for cutting metal and other 
materials, the excellence of the result must ultimately 
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depend not only on the proper form of the tool which 
operates on the work, but also on its capability to retain 
its cutting edge. This depends on the tool possessing 
the proper degree of hardness and temper. 

Before proceeding to the immediate subject of 
these remarks, it may be as well to say a few words 
on the subject of the treatment of steel in forging it 
into the form of the tool required. In this respect, 
whatever be the form of the tool, it is most important 
for the preservation of the original good quality of 
the steel that, in forging it into the required form, 
the lowest degree of red heat should be given to the 
steel as may be consistent with its capability to re- 
ceive the desired form by the action of the hammer. 
Any degree of heat beyond that which is just visibly 
red in daylight risks a permanent injury to the quality 
of the steel. 

In forging all such tools as are of a flat form it is 
highly desirable that the finishing blows should be 
given on the flat, and not on the edge or sideways 
of the tool. Attention to this apparently trifling 
observation will be well rewarded by the enhanced 
durability of the tool so produced. 

In respect to * hardening ' and * tempering ' of steel 
tools, they are two distinct processes ; hardening first, 
tempering afterwards. The first induces the maximum 
of hardness, accompanied by brittleness; the second 
has reference to modifying that hardness, and so 
gaining in exchange a certain degree of toughness. 

For the majority of tools employed in self-acting 
lathes and planing machines, in which cast iron, steel, 
and brass, is turned or planed, steel tools when pro- 
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perly hardened are best fitted to withstand the duty 
required of them, no tempering or modification of their 
original hardness being requisite or desirable. 

In order to ' harden ' such tools, all that is requisite 
is to heat the operative part to just such a degree of red 
heat as that when plunged into cold water they shall 
jiLst become hard — any degree of heat beyond this will 
prove seriously injurious to the capability of the cutting 
edge in preserving its keenness and power of resisting 
the strain of the cut. Such a degree of red heat as 
will be barely visible in daylight is ample to cause 
steel to acquire the maximum of hardness when 
])lunged into cold water. 

Want of due care and attention to these conditions 
in hardening steel is a more fertile source of failure and 
disappointment than many are aware of. If those who 
have to do with practical management of machines 
requiring the use of steel tools would carefully 
attend to the above observations, the results would 
well repay them for the special attention given to the 
subject. 

In the case of such tools as are employed in the 
generality of wood-turning, and for screw- taps, drills, 
chipping chisels, and the hke, the process of 'tem- 
pering ' is requisite. Tempering in this case, as the 
word signifies, is the modification to a greater or less 
degree of the original hardness and brittleness, due to 
and natural to the process of hardening. Tempering, in 
fact, is the process whereby we exchange some of the 
original hardness in order to gain a corresponding 
equivalent of toughness, and is attained by re- heating 
to certain degrees the original hardened tool. 



208 LATHES AND TURNING. 

The mode by which this tempering process is most 
conveniently attained is by grinding the part of the 
tool we desire to temper so as to render it bright, and 
then, by resting it on a piece of red-hot iron, we 
thereby communicate to our hardened tool such 
a degree of heat as shall modify or ' let down ' the 
hardness, and induce such a degree of toughness as 
will best suit the requirements of the case. The pro- 
gress of re-heating effected in this manner is easily 
observed by the brightened surface of the tool acquir- 
ing in succession a series of prismatic colours : — 

Thus, 1st. Pale straw colour. 

2nd. Brass colour. 

3rd. Deep brass colour. 

4th. Kedish purple. 

5th. Purple. 

6th. Blue. 

7 th. Slate blue ; 

beyond which slate blue all remaining hardness, such 
as required for the generality of purposes, terminates, 
and the steel returns to softness. 

According to the purpose to which the tool is to 
be applied, the degree of temper or modification of the 
original full hard condition may be arrested by plung- 
ing it into cold water the instant the colour indicating 
the desired ' temper ' has come on. 

1, 2, 3, as from the above list, serve well for most 
wood-turning tools. 

3 and 4 for screw-taps and drills, and for chisels 
for chipping iron 9,nd brass. 

5, 6, 7, for springs or such purposes where a cer- 
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tain degree of elasticity may be required in conjunction 
with a very moderate degree of hardness. 

To say nothing as to the importance to practical 
mechanics of a thorough knowledge of the art of 
hardening and tempering steel, on which the final 
efficiency of all our lathes, planing, and other metal- 
working machines depends, we would earnestly recom- 
mend to the amateur workman to devote a few hours 
to acquire the art of hardening or tempering steel 
in accordance with the brief practical hints we have 
endeavoured to give in the preceding remarks on the 
subject. 

James Nasmtth. 



/ 
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PART IV. 

TOE OSNAHEin'AL LATHE. 

As mentioned before, the ornamental lathe is very 
similar to a hand-tool lathe with slide-rest, its chief 
difference being in the addition of certain appliances, 
to iacilitate and make more convenient the apphcation 



of the various ornamental apparatus. The bed of the 
lathe, Fig. 175, is of metal, and supported on two cast- 
iron standards, which it is unnecessary to show in the 
illustration. These standards carry the cranked shaft 
with driving cone, and also the treadle. 

Sometimes these lathes are fitted with chains for 
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communicating the motion of the treadle to the crank, 
and sometimes with the ordinary connecting-rod. They 
are seldom driven by other than foot power ; and as 
the work performed is as a rule very light, the work- 
ing parts are made no stronger than is necessary to 
resist vibration. 

The driving pulleys are usually two, of different 
sizes, placed on the crank-shaft, and grooved for gut 
bands. The gut used seldom exceeds three-sixteenths 
inch in diameter, whilst one-eighth inch gut is sufficient 
for the overhead motion. These gut bands are either 
nicely spliced, or jointed by hooks made specially 
for the purpose. The former plan is considered the 
neatest, but the latter is most convenient, as the gut 
can be unhooked readily ; also, as the guts require to 
be of different lengths for the overhead apparatus, 
a short length can be hooked on, or taken off, as 
required. 

The larger cone-pulley is used to drive the lathe- 
spindle; the smaller cone is generally employed to 
drive the various cutting instruments through the over- 
head motion. Sometimes the lathe only requires to be 
driven, sometimes the cutting instruments only, and 
occasionally both are set in motion at the same time. 

The screw headstock is very similar to the one 
already described, only of a much lighter construction ; 
it is sometimes fitted with a hand-wheel, and some- 
times with a hole and pin. It can be moved along the 
bed and fastened at any place required by turning the 
hand-screw underneath the bed. 

The cone headstock is of somewhat peculiar con 
struction. The spindle has on it the usual cone pulley 

p2 
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and this cone has its front edge divided into several 
lines of divisions ; at each of these divisions there is a 
small hole drilled, and the pointer a carries a small pin 
to fit into these holes. The index-pointer is so made 
that it may, when not in use, be shifted out of the 
way without the trouble of removing it altogether ; and 
it also has the power of adjustment for height by 
means of the screw and nut shown. The division 
plate is usually divided into circles of 960, 360, 200, 
180, 144, 136, 120, 112 and 96 divisions. 

These lathes are seldom fitted with double gearing, 
as the nature of the work is not such as to require 
great power. Slow motion is, however, jfrequently 
necessary, and is obtained by means of the tangent 
screw h working into corresponding teeth cut on the 
edge of the wheel c. This wheel is termed the segment 
divider, and has another use assigned to it. It is perfo- 
rated with seventy-two holes at the side, and into these 
holes are sometimes fitted two pins in such positions that 
the lathe in rotating will cause them to come in contact 
with the segment stop d^ and so prevent the lathe- 
spindle making more than a certain portion of a revolu- 
tion. 

The segment stop d also has a power of adjust- 
ment by means of the screws shown, so that should a 
movement be required to commence or end at a point 
on the work represented by a space on the segment 
wheel between two divisions, these screws can be so 
moved up or down as to meet the segment pin and ter- 
minate or commence the motion at the required point. 

The segment stop and this power of adjustment are 
both very useful, and are frequently required. It is a 
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distinct apparatus from the division plate of the lathe, 
and is used for a different purpose. 

The lathe-spindle has also another appliance, which 
gives it a very useful motion, usually called a travers- 
ing or pumping motion; and lathe-spindles so con- 
structed are termed traversing mandrils. The spindle 
itself is made of hard steel, and is for some length, in 
addition to the part that runs in the bearings, turned 
perfectly cylindrical and parallel. Any part of this 
parallel portion will therefore pass into the hardened 
steel bearings of the spindle, and will fit the bearings 
equally well. At the back, the spindle, a short distance 
after it has passed through the second bearing, is 
turned down rather smaller to receive certain sockets, 
which sockets have on their outside surface spiral 
grooves, or grooves of wavy curves. Just below the 
spindle is a small arbor or stud for carrying a piece of 
steel peculiarly shaped. Its edge is formed of the 
concave halves of circles, and each of these curved 
parts is fitted with a screw-thread of an inclination 
corresponding to the spiral cut on the various sockets 
fitting on the end of the lathe-spindle. The arbor 
carrying this set of nuts or half-circles of screw-threads 
is made to have a certain amount of vertical motion, 
to bring the corresponding threads of the socket and 
half nuts either into contact or out of reach of each 
other. 

These two screwed parts being brought into contact, 
it will be readily seen that they will act precisely 
as an ordinary screw and nut. The nut being held 
stationary, any rotation of the lathe-spindle causing 
the screw socket to rotate, will cause the spindle to 
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traverse forwards or backwards longitudinally in its 
bearings, according to the direction of rotation and 
inclination of the thread. Thus, supposing the screw- 
thread to be right-handed, a forward rotary motion 
will cause the spindle to traverse outwards towards 
the other headstock. 

It is of course necessary, when the lathe is working 
in this manner, that the motion should be slow ; indeed, 
it is generally pulled round by hand, and when the 
spindle has traversed, either as far as required or so far 
as the length of the screw-threads will allow, it is 
caused to move ' backwards by reversing the direction 
of rotation, and moving it round by hand in the con- 
trary direction. 

It is also necessary, when the spindle has this 
movement, that all obstructions to its motion should be 
removed. The index-pointer must be turned down- 
wards, and the tangent screw must be lowered out of 
gear with the worm-wheel. When this motion is not 
in use it is evidently necessary to have some means of 
holding the spindle steady, and of preventing longi- 
tudinal motion of any sort. This is effected by remov- 
ing the screw guide from the lathe-spindle and substi- 
tuting a plain socket larger than the hole of the spindle 
bearing, which therefore acts as a collar, and prevents 
the spindle moving endways. 

The slide-rest can be moved from the bed and the 
hand-rest put in its place. The hand- tool rest and 
holder are very much the same as the ones already 
described. They do not, therefore, require further 
illustration or description. 

The slide-rest, in its essential particulars and move- 
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ments, is also the same as those already described; 
but it possesses many little points ^hich the others 
have not. 

In the first place, the slide-rest fits into a separate 
slide, which is fitted to slide along the bed lengthways 
between the longitudinal bars fonning the bed. This 
slide allows the corresponding part of the slide-rest to 
be placed into it and the whole rest moved as near to or 
as far from the line of centres as the nature of the work 
makes convenient. And, however placed, it always 
retains its parallelism with the face-plate of the lathe. 
The rest is fastened down to the bed by a hand- screw 
underneath the bed, the same as the shifting l^ead- 
stock. 

The two slides of the rest are permanently fixed 
at right angles to each other, and cannot be altered. 
The bottom slide, it will be seen, is by far the longer, 
and this is fitted with a screw for causing the top, slide 
to traverse along it. This screw has a pitch of ten 
threads to the inch, so that one turn of it will cause the 
slide to be moved exactly one-tenth of an inch ; it also 
has a small division-index at one end for smaller or 
convenient measurements. The index-plate is divided 
into twenty divisions, but marked at every other divi- 
sion, so there are only ten marked divisions. Tlie screw 
being moved the distance shown by one marked divi- 
sion, the slide will be moved only the one-tenth of the 
space which it would have been moved by a complete 
turn, or the y^ of an inch, and if moved only one 
division the slide will only travei'se the ^^ of an inch. 
The screw may also be fitted with tangent screw and 
pulley for diiving from overhead. 
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At the other end the screw is prolonged through 
the metal of the slide, and is turned to receive various 
spur-wheels, required in some of the ornamental opera- 
tions. There are also on the shde two movable stops, 
A, each having screw adjustment, as will be seen. These 
stops are required to determine the travel of the slide, 
or to allow the tool to traverse only within certain 
required limits. 

The top slide is a short one, and is not traversed by 
a screw in the usual manner, but it has two screws, i e, 
the left-hand one being shorter than the other. The 
short screw determines the depth of the penetration of 
the tool ; the other side screw is used to govern the 
movement of the sUde, which is usually forced into and 
withdrawn from cut by means of the lever k/ 

The tools are held in the groove cut in the internal 
slide, and are fastened down by two screws, /, as will 
be seen by the illustration. This tool-slide can be 
readily removed by sliding it out endways and any 
other shde put in its place. 

The two side screws are also made with a pitch of 
ten threads to the inch, and the heads of the screws 
are used as indices by being divided round their edges. 
There are also means of adjusting the tools to the 
exact height of centre, by shifting round the nut m at 
the bottom of the slides. 

The long shde may be placed either parallel to the 
line of centres for cylinder turning, or at right angles 
to it for surface turning, and there are stops placed 
below, so that when the rest is shifted round to 
touch one of these stops it is perfectly parallel, and 
when in contact with the other stop it is exactly at 
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right angles. Any intermediate angle can be obtained 
according to the divisions marked on the socket, and 
the whole slide is fastened firmly at its required angular 
position by tightening the screw n. 

Hiie groove in the tool-slide is made large enough 
to receive the socket of the various ornamental instru- 
ments to be used with the slide-rest, but as the turning 
tools are most of them much smaller than these, there 
are grooved receivers, fitting the groove of the tool-rest 
slide, and having grooves in them to take the various 
smaller tools. 

At the back of the lathe there is generally a shelf 
or board about level with the bed, and this is very 
convenient for resting the various tools and instruments 
upon, whilst temporarily laid aside. There is also in 
some lathes a set of drawers for keeping the various 
tools and chucks, &c. Some of these lathes are also 
made with a casing which turns on hinges, and which, 
when the lathe is not in use, can be brought over, and 
the lathe covered up, so as to represent a bureau or 
other similar article of furniture. So far aa this serves 
to keep the mechanism of the lathe from dirt it is 
certainly an advantage ; but I do not think any amateiu* 
turner need be at all ashamed of having a good lathe 
seen in any room of his house. 

The overhead apparatus shown is merely a lever 
hung on an upright standard ; this lever has at one end 
a hook, to which is fastened various weights, and there 
are also several small guide-pulleys over which the 
gut passes on its way from the driving pidley to the 
cutting instruments. Some of these guide-pulleys are 
fixed — those j ust over the driving pulley — others may 
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be moved along the lever until just over the pulleys of 

the cutting instruments. 

The further these pulleys are from the fulcrum of 

the lever the more weight must be put on to the short 

end of tha lever to keep the gut strained. A small 

deviation of position of the pulleys, caused by the tra- 
verse of the slide, does not necessitate any shifting of 

the guide-pulleys, as the weights on the lever end keep 
the gUt taut by allowing the lever to move up or down, 
to accommodate itself to the varying length of gut ; but 
a change of position of the slide-rest on the bed will 
usually necessitate a corresponding shifting of the guide- 
pulleys on the lever. 



PLAIN USES OF THE ORNAMENTAL LATHE. 

Although this lathe is constructed for ornamental 
purposes, it is equally adapted to the production of 
plain work ; and any of the ordinary operations in hand- 
turning which have been previously described can be 
conveniently and successfully conducted in the orna- 
mental lathe. The same tools and the same rests are 
used, and in the same manner as has been already 
explained. When any of these simple hand-turning 
operations are to be conducted, it is only necessary 
to remove the slide-rest, and substitute the hand-tool 
rest; the instruction given will then apply in every 
essential particular. It will, of course, be seen that, 
owing to the lightness of the lathe, heavy metal work 
must not be attempted. 

The ornamental operations are therefore additional, 
and will not fail to be very interesting to the amateur. 
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and productive of great pleasure and gratification to all 
who choose to try their skill at the work. 

The slide-rest is of great service for plain-turning, 
as well as for ornamental work ; its use is much the 
same as in the self-acting lathe previously described. 
It will be necessary, however, to give some further 
explanation of its uses, and mode of using for light 
work, as the work itself difiers somewhat from that to 
which I have before adverted. 

The various chucks used with this lathe, to hold and 
give motion to the work, are the same as those used 
when the work has to be done with hand-tools ; the work 
is also chucked in the same manner. In this division 
of the subject it will not be necessary to give detailed 
instructions for chucking, or to describe the primary 
steps to be taken in preparing and fixing work, as the 
reader is already acquainted with the main particulars. 
With regard also to the speeds for turning in the lathe, 
with slide-rest tools they are the same as have been 
given elsewhere. The number of cuts to the inch is, 
however, usually much greater. For very fine work two 
or three hundred to the inch is about the usual thing, 
but it is not conducive to good work to have too fine a 
traverse. About a hundred to the inch will usually 
make very good work, and when the tool has to travel 
fer, this cannot be exceeded with advantage, as the 
edge gets blunted before the whole surface is gone 
over, and all fine work should, where possible, be 
finished by one tool, and without alteration or shifting, 
as it is rather a difficult matter, when great delicacy of 
surface is required, to shift the tool and replace it with- 
out leaving pome sign of this having been done. For 
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short lengths, or where the tool has not to travel far 
over the work, the speed of traverse first mentioned 
may be advantageously used, and a good and uniform 
surface be obtained by it. The tool should always be 
made sharp, with a keen smooth edge before putting 
into the rest, and the cutting angle should be retained 
as near as possible. 

For roughing soft woods the tool shown at Fig. 154 
is used ; it is merely a piece of steel tube ground off as 
shown. The tool for smoothing soft wood is shown at 
Fig. 176 ; this being smaller than the other tools, fits 

FiQ. 176. 




into a holder, and the holder again into the groove of 
the slide-rest. 

The holder is common to all tools of the same size 
and shape of shank. 

The tools for turning hard woods are of the shapes 
shown at Figs. 177 to 186. The round tool is used for 
roughing down the work nearly to size ; the angular 
or point tool, for turning vees or angular grooves and 
other work ; and the flat tool for smoothing or finish- 
ing. The cranked tools are of the same shape in the 
cutting edge, but are cranked or bent sideways to adapt 
them to inside ttu'ning. 

For deep inside and other work of large diameter 
the straight tools are used, but are held in the holder 
shown at Fig. 157 ; this allows the straight tools to be 
held at any required or convenient angle. The tools 
are put between the sides of the groove at the re- 
quired inclination, and are held firmly there by tighten- 
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ing the screw, as will be readily understood by a glance 
at the illustration. 

A great number of other tools are required for 
various work, such as beading tools and tools of certain 
curves ; but all these are made to fit the same tool- 
holder, and are used in the same manner as those 
illustrated. All these tools, of whatever shape, are to be 
bought ready-made, and of standard or uniform sizes 
of shank, so as to fit the holder indiscriminately. 
Almost any good lathe or tool maker will have them in 
great variety, both as to size and shape ; the amateur 

Fig. 177. Fig. 17a Fio. 179. Fig. 180. Fig. 181. * 








can therefore choose those he wants from a large 
selection. 

The roughing-tools are not particularly delicate, 
and the operator may generally safely take as heavy 
a cut as his work will bear, or as heavy a cut as he 
cares to drive, and the traverse may be tolerably rapid 
Tlie last roughing cut, however, should be a light one, 
and made with a tolerably sharp tool, so as to leave 
the surface quite true, and to leave very little for the 
finishing tool. This tool should be very sharp and 
smooth, and properly adjusted to the right height in 
the lathe by means of the screw and nut adjustment 
underneath the slides. 

To leave a good surface on ivory or hard wood the 
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finishing cut must be the merest scrape that the tool 
will take, and the traverse should be fine. It will then 
be generally found that no glass-clothing, &c., will be 
required, but that the surface may be polished or orna- 
mented without further labour being bestowed upon it. 
Work which it is intended to ornament much should 
never be touched with glass-eloth or other polishing 
material of that nature, as the particles of glass or 
cutting substance get embedded in the fibre of the 
wood, and very injuriously affect the delicate cutting 
edge of the ornamenting instrument. When any polish- 
ing is required on work which is also to be ornamented 

Fig. 182, Fio. isa Fio. 184. Fia. 186. Fio. 186. 








it should always be done before the ornamenting, 
and, by whatever method the surface is polished, as 
little rubbing as possible should be given it. Much 
rubbing is apt to render the surface untrue, and the 
appearance of some sorts of ornament would be much 
impaired. 

Should the tool not leave the surface sufficiently 
smooth, the best way to render it smoother is to hold 
a little of the finest shavings against the surface in 
motion. They should be applied equally over the 
surface, and kept in motion sideways, so as not to rub 
the work into grooves or to scratch any lines on it. 
When polishing with any material the work should 
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first be rotated in the contrary direction to that in 
which it was rotated while turning, and the polishing 
stuff or rubber then applied ; this will remove some 
of the loose fibres. The lathe can afterwards be run 
in the usual direction, and the polishing completed. 

As before mentioned, these lathes are not adapted 
to turn large pieces of metal either with hand or slide- 
rest tools, but more especially the former; as with 
tools held in the slide-rest the strain is certain and 
uniform, but with hand-tools the strain is sometimes 
sudden and is not under such complete control. AH 
great strain must be most carefully avoided, as it would 
probably either break some of the slight mechanism 
or injure its truth and power of exact measurement. 
Small pieces of metal can, however, be turned safely 
either by hand or slide-rest tools, if care and light cuts 
be taken. I may here also mention that it is a very 
bad plan to use heavy chucks on such lathes ; some of 
the self-centering and other chucks are much too 
heavy to be used with safety. 

The tools for metal-turning are the same as those 
already described ; they are all made to fit into the 
tool-holder of the slide-rest. 

The work to be turned, whether of wood or metal, 
being properly fixed in the lathe and the right tool 
placed in the sUde-rest, the long slide of the rest is 
turned round and fixed parallel to the line of the 
finished surface. For parallel cylindrical work it is 
fixed parallel to the hne of centres against that stop ; 
for plane sur&cing it is fixed at right angles to the line 
of centres, and for angular work it is fixed at the 
required angle. 
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The operations of bringiiig the work to shape «are 
precisely the same as those described under self-acting 
turning. If the slide-rest have a tangent-wheel and 
screw motion, for long work it will be worth while to 
make the traverse motion of the tool self-acting ; to do 
this it is only necessary to bring up the worm or 
tangent-screw into gear with its worm-wheel, and pass 
the gut of the overhead motion round the pulley on 
the end of the tangent-screw. A very fast motion of 
the tangent screw-pulley will then cause the slide to 
slowly traverse and carry the tool along the work. It 
is seldom necessary to make the slide cut both ways, 
but the direction of traverse can be easily altered 
by merely crossing the gut, which wUl reverse the 
direction of rotation of the tangent-screw. The ra-r 
pidity or speed of traverse can be regulated by shift- 
ing the gut driving the rest on to a smaller speed of 
the cone, if for slowei: traverse, or to a larger speed, if 
faster traverse be required. Or if a greater variation 
be necessary, by also treading faster or slower, and 
shifting the gut driving the lathe - sjpindle on to a 
smaller or larger speed, to keep the circumferential 
speed of the work constant. It is, of course, evident 
that the mere treading faster or slower will not affect 
the relative speed of traverse ; this can only be done 
by shifting one of the driving guts on to a different- 
sized speed or groove. 

Screw-cutting in the ornamental lathe can also be 
managed with the chasing- tools already shown at Figs. 
109 and 110, and in the same manner as there de- 
scribed ; but the traversing mandril offers a convenient 
and reliable means of cutting a good screw-thread. 
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This motion is especially useful for cutting short 
threads, such as the screws used occasionally to hold 
round fancy boxes together, and for fastening to- 
gether in convenient pieces the various component 
parts of complicated work in ornamental turning. The 
work requiring the screw-thread being turned down 
to the right size — the size of the outside of the thread 
— the tool at Fig. 159 is put in the rest, if for a male 
screw, and the tool at Fig. 160, if a female screw be 
required, and the slide-rest is conveniently adjusted to 
allow these tools to come into cut. It must be under- 
stood that in cutting screws in this manner the thread 
is traced, not by the movement of the tool along the 
work, but by the work moving past the point of a 
stationary tool. The slide-rest is now only used as a 
holder for the tool, and to regulate the depth to which 
the thread is cut. 

If the screw be required to have ten threads to 
the inch, a screw socket, ^, of. that pitch is placed on 
the lathe-spindle at the back end, and is there fastened 
by the ijut for that purpose. The segment nut /of a 
corresponding pitch of thread is then raised to gear 
with the thread of the socket, and a little oil being 
dropped on the surfaces working in contact, the seg- 
ment tangent-screw 6, if in the gear, is released, and 
the division-index of the lathe is moved clear of the 
lathe cone. The w^hole is then ready for action. 

If the screw be tolerably long, the spindle may be 
moved round by the foot motion, the gut being on the 
slowest speed of the driving cone. For very short 
screws it is more convenient to rotate the lathe-spindle 
by hand. The tool is put into cut as in ordinary 
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turning, and when it has cut as far as required it must 
be withdrawn, and the lathe turned round in the 
opposite direction. This will cause the work to recede 
from the tool. The tool is now put deeper into cut, 
the lathe moved round as before, and the operation 
is continued thus until the thread of the screw is cut 
of the depth and size necessary for its purpose. 

For every separate pitch of screw there must be a 
socket-screw or guide-screw, and its corresponding 
half-nut; also, there must be a separate guide-screw 
and nut for left-handed threads, but with one "guide- 
screw we may cut a thread on any size cylinder, or a 
thread of any shape, either round, angular, or square. 
The threads may be shallow or deep, or the screw may 
have one, two, or three separate threads, but the pitch 
must be constant ; that is, with a screw guide of say 
ten pitch, or ten complete turns of the thread in one 
inch, we may cut screws having one, two, three, four, 
or more separate threads, but each of these threads 
will be a screw of ten pitch. 

The method of dividing these threads is somewhat 
difficult with these apparatus alone, and when a 
single point tool is used ; but I shall have to describe 
an instrument for the purpose, when treating of spiral 
fluting, that will apply equally well to the present 
operation. The reader will have no difficulty in un- 
derstanding its application in this case after reading its 
use in the other. 

By discarding the simple point tool, however, -and 
using a chasing-tool of the proper number of teeth to 
the inch, the screw may be cut with ease and truth. 
For a four- thread screw .the chaser would need 40 
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teeth per inch. The tool should be fastened in the 
slide-rest just as the other single-point top}, and at the 
same height of centre ; it will then strike four threads 
at a time, but each thread will be a spiral of one-tenth 
of an inch pitch. This, however, has already been 
fiilly explained, and the reader who does not thoroughly 
imderstand the meaning of pitch, and the number of 
separate threads, is referred back to the chapters on 
screw-cutting. 

Internal screws are cut in a precisely similar 
manner, but with the inside single point or screw-tools. 
As the operation is one not requiring much power, 
screws of fine pitch may be cut on metal work of 
considerable diameter without fear of damaging the 
lathe. The tool should be kept sharp, and very light 
cuts taken, the work meanwhile — if of iron or steel — 
being kept well lubricated with oil, or oil and soda- 
water. 

If the cylinder upon which the screw has to be cut, 
whether of wood or iron, be more than three or four 
inches long, it will require further support than at one 
end. It is evident that in this case, os the lathe- 
spindle traverses, the end of the work cannot be 
supported in the usual manner by the centre of the 
moving headstdck ; it must therefore be supported by 
a stay or bearing, through which the work may slide 
in the same manner and to the same extent as the 
lathe-spindle itself shdes endways in its bearings. The 
bearing should fit well, but must not be too tightly 
screwed down. A stay bearing has been illustrated at 
Fig. 128 ; the dies may be either metal or hard wood, 
and they must be arranged exactly central, or other* 

a2 
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wise the screw-thread will be deeper on one side than 
on the other. The method of adjusting this bearing 
with the centre of the hole in the line of centres has 
been already explained. 

Owing to the sliding motion of the spindle and the 
work, the latter must be driven by a chuck, which will 
not only drive it but hold it fast to the lathe-spindle. 
The ordinary method of driving by carrier, or by the 
prong or cross-driver, is for obvious reasons not appli- 
cable to drive work wlien the spindle has this traversing 
motion. 

It may be that the work upon which the screw has 
to be cut is not parallel, or is not of uniform shape for 
sufiicient distance, or in such part of the length as to 
allow the support to be apphed with convenience. In 
such cases either the work must be turned to its right 
size only where the thread is to be cut, and the required 
length of the remaining part turned parallel, and of such 
a size as the largest part of the required shape, and this 
part used as the bearing, to be, after the screw is cut, 
turne'd to any irregular shape ; or, if the work be already 
turned to shape, a socket of right size can be put on 
and adjusted true whilst the work is supported by both 
centres. This socket will then answer for a sliding 
bearing to support and steady the work whilst the screw 
is being cut. 

Should the workman have no socket of convenient 
size, a piece of hard wood may be cut out to fit on to 
the work, and held there by glue, screws, or even with 
a piece of small twine. The piece of wood so fastened 
on should then be turned parallel, whilst the work is 
supported by both centres, which will ensure its being 
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true with the work, and then this is used as the bearing 
part of the work. After the thread is cut the piece of 
wood can be taken off and the work itself is left un- 
injured. 



PRELIMINARY REMARKS ON ORNAMENTAL ENGRAVING. 

One of the most beautiful as well as scientific uses to 
which this lathe is applied is to the production, by 
means of the suitable instruments, of various highly 
ornamental and interesting figures or curves, generated 
by one or more circular movements, by right line and 
other movements, alone or combined. 

These figures may be made of every conceivable 
shape, and in unlimited number and variety. Skilful 
operators having good taste can produce patterns 
which are really marvellous in their graceful and well- 
ai ranged curves ; others, again, are produced of shapes 
so curious and irregular that one can scarcely imagine 
them to be the result of circular movement. Irre- 
spective of the use of these figures as ornaments, they 
are interesting to the scientific mechanic as demonstrar 
ting the various laws of kinematics, or the results ot 
various motions. The instruments used for conveniently 
producing the various motions are some of them rather 
complicated, and they are also somewhat expensive. 
They all require the most accurate workmanship, and 
should be as light as possible, consistent with the 
necessary strength to resist bending or yielding under 
the strain to which they are subjected. Nevertheless^ 
as a practical mechanic I must remark, that accuracy 
of workmanship and lightness combined with strength 
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is to be obtained rwifihout very great expense, and 
that these instruments should be sold mnch cheaper 
than they now are. Probably the demand is too small 
to allow of the profitable introduction into the 
manufacture of special machinery ; but then the high 
price to some extent is the cause of the smallness of 
the demand. One would fancy that but few would be 
without the instruments for producing such beautifid 
work, if their price were at all reasonable, and there- 
fore that a reduction of price would lead to such an 
increased demand, that the manufacturer would have 
good* reason to congratulate himself on his liberal but 
true business policy. 

The effect of so high a price is to keep some of the 
most beautiful instruments entirely in the hands of 
those who neither know the value of money nor the 
value of the instruments they buy, although we occa- 
sionally see serviceable and well-made, but not highly 
finished instruments, in the hands of those who are 
fortunate in being sufficiently practical workmen to be 
able to construct the apparatus for themselves. Many 
of the instruments can be applied to other work than 
ornamental line engraving ; but, beginning at the most 
simple instrument, I shall explain the uses of each in 

this respect first, and devote a separate description to 
their other uses. 

The woods best suited to this work are boxwood 
and African blackwood ; they must be dry, and per- 
fectly free fi'om cracks and other imperfections. Ivory 
is also a very good material, and is, perhaps, more 
used than any other substance. Other woods than the 
two named may be used, although not with such good 
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effect. Those woods are the best which are of hard even 
grain, and free also from natural wavy or other lines. 

For blocks or plates to receive figures for printing 
from, boxwood, copper, steel, and a comppsition metal, 
of lead and tin, are probably the best materials. The 
tools in each case are of the same shape, but ground in 
accordance with the instructions previously given re- 
specting the fiingles of cutting tools for various materials. 
The steel plates must be thoroughly well annealed, 
or otherwise there will be but small chance of succeed- 
ing in cutting a good figure, or, indeed, in cutting a 
figure at all. Probably the better plan is, for steel 
plates, to use a diamond of natural fracture for the 
cutting tool. This diamond, which is very small, is 
fastened in the usual manner into a small holder of the 
same shape and size as the ordinary tools, so that it 
may be used in the ordinary tool-holder for the instru- 
ments. I ako believe this to be the cheapest tool that 
can be used for the purpose. Mr. H. Perigal, F.R.A.8., 
has informed me that he has used one diamond for 
cutting figures on three hundred plates, and certainly 
when I saw the jdiamond there was no appreciable 
wear. 

It is obvious that the use of a diamond for a cutting 
tool will allow of these figures being cut on glass as 
well as on metals. Mr. Perigal has also used it to cut 
patterns on steel surfaces, hardened to their utmost 
and very highly polished. The marks left by the tool 
can scarcely be called cuts, but the appearance of such 
patterns is, very beautiful indeed, as besides tlie pattern 
itself the iridescent colours are shown, although not so 
well with curved as with straight lines. 
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In cutting these figures, three methods are employed: 

1. The figures are cut on a moving surface by a 
fixed tool. 

2. They are cut on a fixed surface by a moving 
tool. 

3. They are cut on a moving surface by a moving 
tool. 

In the first method, the work is fastened to the 
ornamental chuck, and the chuck driven by the lathe- 
spindle, the tool being held stationary in the slide-rest 
whilst the figure is cut. 

In the second case, the -work is held on the lathe- 
spindle, but the spindle is not moved round, except 
between the cuts ; the figure being produced by a tool 
moving over the surface, and caused to thus move by 
the instrument to which it is attached, and which is 
held in the slide-rest, the rest itself being stationary. 

In the third method, the work is attached to the 
lathe-spindle by an ornamental chuck, moved round by 
the spindle, the tool being also moved over the moving 
surface by an instrument held in the shde-rest, the slide- 
rest being either in motion or stationary. 

By whichever method we wish to cut our figures, 
the surface of the article to be ornamented must be 
brought perfectly true by turning in the ordinary way. 
The surface should be either left as smooth as possible 
or it should be grained or lined with a series of light 
concentric circles, as will be presently described. 

A very small prominence or pin of the wood should 
be left exactly at the centre of the turned surface, and 
this projection will be very convenient as a guide by 
which to adjust the cutting tools. 
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For ornamental turning it is usual to employ the 
tools of most obtuse-angled points for the dark woods, 
and the acjute tools for ivory and the lighter woods. 

This is mostly a matter of taste ; but it is surprising 
what a difference in effect is produced by altering the 
angle or shape of the cutting tool, and still using it to 
cut the same pattern. 

In cutting figures, the greatest care must be taken 
to have all the mechanism clean and free from oil, and 
should the operator ever so slightly cut or bruise his 
hands, he should tie a piece of clean rag over tlie 
place, to prevent the annoyance of having his work 
covered with drops or smears of blood. 

The tools used in the slide-rest are those shown at 
Figs. 177 to 186. The angular tools are mostly used 
for ornamental engraving, the others for deeper cutting 
and ornamental moulding. These tools must be kept 
thoroughly sharp, and with smooth cutting edges ; the 
whole success, so far as appearance goes, will be spoiled 
if the tools are kept dull or with rough cutting edges. 
The improved appearance of the work will generally 
repay one for the trouble of taking a tool out after it 
has had some Uttle working, and the figure gone over 
nearly to the required depth, and to finish it with a tool 
freshly sharpened. It will be convenient to have two 
other tool-holders to receive these tools, but to hold 
them with their cutting edge at right angles, and also 
completely reversed. 

SLIDE-REST APPLIED TO ORNAMENTAL ENGRA\^NG. 

The slide-rest bears a most important part in all 
ornamental turning ; this it does, however, mostly when 
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used with other apparatus, as by itself its uses in this 
way are not great. I will now describe its uses alone ; 
its uses combined will be explained hereafter. 

A point applied and held against a surface in motion, 
during oue rotation or more, will describe a circle 
having for its centre the axis of rotation. 

If, therefore, we have a true surface of wood on the 
lathe-spindle, and we put a simple point tool in the 
filide-rest, and apply it to the centre of the work in 
motion, a simple dot only will be produced ; if, how- 
ever, we move the point of the tool -five-tenths of an 
inch from the centre, by giving the slide-rest screw 
five entire tums> and then again apply it to the surface 
in motion, a circle will be produced of five-tenths inch 
radius, or ten-tenths, equal one inch diameter. By 
moving the tool-point farther from the centre a larger 
circle will be -produced, but no other figure will be 
described in this way. There is not much ornament, 
however, in a few lines arranged in concentric circles, 
but it is usual, when a large pattern has to be made 
with other instruments, to first 'grail' the surface by 
cutting a series of concentric circles at very short 
intervals, and with a sharp angular tool of from 20^ 
to 30^ 

These cuts should not be very deep, and should only 
be just far enough apart to bring the edges, joining 
the cuts to a sharp edge. If the cuts be far enough 
apart to leave flat tops to the grooves, either they must 
be cut deeper or another cut placed between every 
cut before made. 

The darker the wood the better effect this grailing 
or lining has; for light woods most amateurs prefer 
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polishing the surfkce to be ornamented, and not grailing 
it at all ; and whether the wood be light or dark, if the 
pattern to be cut on it be very deUcate, this lining is 
not appUcable. JFig. 188 is another rather pretty 
pattern, made with the slide-rest, and it serves also 
to illustrate the effect of grailing. The pattern is 
usually produced either by the straight line chuck, or 
the straight line movement of the ellipse cutter or 
geometric chuck. 

1. The article to be ornamented with the pattern 
being held in a convenient chuck, set the lathe in 
motion, and bring the surface to be ornamented to a 
true plane. 

2. Place a sharp angular tool in the sUde-rest, and 
grail or line the surface as before described. 

3. Remove the gut or band of the lathe — that is, 
throw it off its speeds — so that, were the treadle 
moved, the belt or gut would not communicate the 
motion to the lathe-spindle. Fix the dividing index 
or pointer in its place at one of its divided circles — 
say the 960 circle, and at 960. 

4. Set an angular tool in the rest on its side^ with 
its cutting side towards the workman. 

Fix the stop of the slide-rest so as to allow the tool 
to traverse only so far out as will enable it to cut the 
longest lines of the star, and set the other stop to pre- 
vent the slide going too near the centre. 

5. Screw the slide up to the last stop, and then, 
with the adjusting screw on the tool-slide, set the tool 
up to its depth of cut, and draw it outwards until 
against the outside stop. One cut will then be made. 

6. Withdraw the tool from cut by the other screw 
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or the lever ; return the slide to its place against the 
inside stop, move round the division plate of lathe ^th 
of a turn or 120 divisions, and make another cut in 
the same manner as before. Bepeat this until the 
.whole eight lines are thus cut. 

7. Set the outer stop to allow the tool to cut only 
so far as the length of the next line of the star ; the 
inner stop will not require altering at all. 

Bring the division plate again at 960, and then 
shift it twenty divisions forwards \ make one cut, 
and move 120 divisions; cut again; repeat this cutting 
for every 120 divisions, until the eight cuts are comp- 
leted. 

8. Bring the plate again at 960, and move 20 di- 
visions backwards, and without altering the stop of 
rest; make a cut, and move forwards 120; cut again, 
and repeat until the eight cuts are made. 

9. Set the rest stop to the next line of the star; 
bring the plate to 960, and move forward 40 divisions ; 
make a cut, and move 120 ; cut again, and repeat for 
the eight cuts. Bring the plate to 960; move 40 
backwards; cut, and move 120 forwards; cut, and 
repeat moving 1 20 and cutting for the eight cuts. 

10. Set the rest stop for the next line of the star ; 
bring the plate to 960; move forward 60 divisions, and 
cut; move 120 and cut; continue moving 120 and 
cutting for the eight cuts. The pattern will then be 
complete, unless it is wished to cut another smaller 
star in the central space ; if so, that can be done in a 
similar manner. 

If it be required to make the lines of the stars get 
deeper as they recede from the centre, this is managed 
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by setting the slide-rest rather out of parallel with the 
surface to be ornamented, so that, were the surface then 
turned, it would be made with a very obtuse angle. 



TIIE ECCENTRIC CHUCK. 

The instrument shown at Fig. 187 is known as the 
eccentric chuck. The boss a screws on to the spindle of 
the lathe, just as an ordinary chuck; the 
parts b and c are slides similar to those * 

of the slide-rest; the internal part c is 
moved along by the eccentric screw d. 
This screw has ten turns to the inch, and 
has a small index at the end, divided into 
ten divisions, and marked at every other. 
The screw is moved by a small handle, 
which is only applied when required, and 
is removed before the lathe is set in 
motion. As in the slide-rest, one whole turn of the 
screw advances the shde c jV of an inch. In addition 
to this index there are other divisions marked along 
the side of the slide, so that by comparing thMi with 
a line on the other slide the extent of eccentricity may 
be seen at a glance. 

On the slide e there is a worm-wheel e with 96, 
teeth ; this is fitted on a stud, to allow of its moving 
round, and is thus moved by means of the tangent 
screw/. Some chucks are made with ordinary teeth 
and a spring cUck or catch, instead of this tangent screw 
motion. 

The end of the tangent Bcrew is made square to 
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receive a suitable handle or wrench, and the collar of 
the screw is divided into twenty divisions, every other 
of which is marked. The tangent screw is so fixed 
that it can be raised out of gear with the wheel. The 
face of the wheel is divided also into two lines of 
divisions, one being 96, the other 100. The slide c 
carries a small index-pointer for reading off these 
divisions. Both lines of divisions commence .or start 
from the same place, and in using the chuck the 
index should always be started at that place. 

The division-wheel has a projecting screw of the 
same size and pitch as the nose of the lathe-spindle ; 
any ordinary chuck fitted to the lathe-spindle can 
therefore be placed equally wdl on this screw of the 
eccentric chuck* By turning the slide-screw the sUde c 
is moved along, either from or towards the lathe axis, 
according to the direction in which the screw is turned. 

The distance the centre of the chuck-screw is from 
the centre of the lathe- spindle screw, as indicated by 
the division-hnes on the edge of the slides, is termed 
the eccentricity. 

When the two centres are coincident the slide has 
no eccentricity, and in that position there are two holes, 
one through b and another through c, which come 
opposite one another, so that a small steel pin may be 
pushed through both, and the two slides held firmly 
together. When this pin is in place, the work in any 
holding chuck on the chuck-nose screw will run just the 
same as if on the lathe-spindle itself, and, if to be orna- 
mented, may be turned in such position with advantage, 
as the surface is then quite true with the chuck itself. 
There is no absolute certainty of the work being true 
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unless done in this way, as, if turned on the lathe-, 
spindle and transferred to the chuck-nose, there is 
generally some slight degree of untruth ; and it must 
be remembered that for good work the surface to 
be ornamented should be absolutely true. 

Whether work has to be ornamented in this chiick 
or any other, the same remarks apply. 

There is another more complicated eccentric chuck,, 
called the compound eccentric chuck, but it is expensive 
and heavy ; and as most of the work to be done by its 
means can be done by simpler apparatus I have not 
considered it worth while to describe it particularly. 
In this chuck there are two eccentric slides, which 
can be moved round and placed at any angle to each 
other; the motions of the slides are obtained in the 
same manner as in the simple eccentric chuck described. 
Other chucks of this sort are made to serve either as 
a combined elliptic and eccentric chuck, or compound 
eccentric chuck, but the above remarks apply equally 
to it as to the other. 

When using the eccentric chuck, place it upon the 
lathe-spindle, and have the index of the chuck at 96. 
The slide being at zero, a tool placed in the slide-rest 
and applied at the centre, will produce a dot. 

With the eccentric slide still at zero, any movement 
of the slide-rest tool has the same effect as if applied to 
a surface direct on the lathe-spindle, that is, a circle 
only is produced, and that circle is larger the farther 
the tool is removed from the centre. 

If we move the chuck screw round five times we 
shall throw the slide out of centre -^ of an inch, or 
give it that much eccentricity ; by applying the point 
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of the tool to the centre as before, aod setting the lathe 
in motion, we shall produce only a dot, but that dot 
■will be Y^ of an inch from the last centre. -By shifting 
round the index-plate two divisions between each cut, 
we sliall arrange forty-eight dots around this centre in 
a circle of 1-inch diameter. 

If, however, we move the point of the elide-rest 
tool out of centre, by giving its screw 6ve turns, and 
which will move it -^ of an inch from the centre, on 
again putting the lathe in motion, a circle of 1-inch 
diameter will be described by the tool, and the centre 

Fi6. 188. Fib. 189. 



of this circle will be -j"^ of an inch from the centre of 
the circle described, when the eccentric chuck had no 
eccentricity. The circumference of the last circle will 
therefore pass through the centre of the former. 

If we now turn round the index of the chuck one 
division at a time, and set the tool into cut between 
each, we shall make a figure of ninety-six circles, 
arranged equidistantly around the centre of the circle 
stnick when the chuck had no eccentricity. 

1. It will be understood that the radius of the 
circle is determined by the movement of the slide-rest, 
precisely as when turning without the chuck. 
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2. The eccentricity or the distance the circles are 
from their common centre, or the centre of the figure, 
is determined by the movement of the eccentric slide. 

3. The number of circles is determined by the 
movement of the division-index of the chuck. 

These movements give the whole of the powers of 
the eccentric chuck when used alone ; its powers when 
combined with other motions will be described here- 
after. 

Fig. 189 was done with the eccentric chuck. The 
forgoing description of llie chuck and its powers will 
enable the reader to understand bow to cut this figure 
and almost any others. 



THE ECCENTRIC CUTTING INSTRUMENT. 
The instrument illustrated at Fig. 190 is the eccen- 
tric cutter. It is for the same work as the eccentric 



chuck, but whereas in the chuck the figures are pro- 
duced on a revolving surface by a fixed tool, in the 
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cutter they are produced by a fixed surface and 
revolving tool. 

The shank or stem a is nicely fitted to the tool- 
holder of the rest, a spindle passes through the stem, and 
at one end has a small brass grooved pulley i, and at 
the other the eccentric slide c, carrying the tool-holder 
d, in which the various tools are held and carried. 

The slide has a screw for moving the tool, with a 
10-pitch thread and a small divided index on the 
screw-head, divided into 10, and marked at every other 
division. The screw end has a double milled head, 
which is generally sufficient for moving the slide The 
screw at the back is for tightening the holder against 
the slide, to hold it without its shaking or throwing 
strain upon the threads of the eccentric screw. 

The tools used with this instrument for ornamental 
turning are chiefly of the same shape as those shown 
at Figs. 177 to 186 ; they are all made with bodies or 
stems of the same size, and should fit the tool-holder 
easily, but without shake. The angular tools are 
mostly used for line engraving, as in the case of the 
tools last mentioned. 

The shank of the eccentric instrument is put into 
the tool-holder of the slide-rest, and held as an ordinary 
tool. Supposing the instrument to be in place, and a 
piece of wood having a plane surface previously put on 
to the lathe-spindle, and a suitable tool in thfe tool- 
holder of the instrument, we proceed as follows. 

The gut is removed from the lathe-cone, and a 
long gut from the overhead motion placed round the 
small pulley at the end of the instrument, the index- 
pointer for the lathe division plate is put on in place. 
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The eccentric instrument being in place in the rest, 
it is applied to its work in the manner of an ordinary 
tool, viz., by the slide-rest screws and lever movement. 
All being in place and the eccentric slide at zero, on 
the tool being applied to any point of a surface only a 
dot is produced, and on shifting the slide of the rest, 
and again applying the tool, a dot is again produced, 
but eccentric to the former dot at a distance corre- 
spending with the extent to which the slide-rest was 
shifted. If the slide-rest were shifted -nyths of an inch 
from the centre, the dot would be made with that 
degree of eccentricity. 

If, however, the tool of the eccentric cutter were 
shifted also -fVhs, corresponding to five whole turns of 
the eccentric slide screw, and the cutter in motion 
again applied to the surface, a circle of 1-inch diameter 
would be described by the tool of the instrument. 
And by shifting the division-plate of the lathe round by 
any number of divisions at a time, a series of such 
circles will be arranged round the centre of the work, 
and the centres will be in a circle of 1-inch diameter. 
It will, therefore, be seen that the same figures are 
traced with this instrument as with the eccentric chuck, 
but the method of getting the radius and eccentricity 
and arrangement of circles is altered. 

1. In this instrument it will be seen the radius of 
the circle is determined by the distance the tool is 
shifted along the eccentric slide. 

2. The eccentricity of the circle is determined by 
the distance the slide-rest is moved ftx)m the centre. 

3. The arrangement of the circle is determined by 
the movement of the division plate of th« lathc-spindle 

B 2 
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In using this instrument care must always be taken 
to adj ust it quite central before moving the slides. To 
do this it is necessary that the tool of the instrument 
should first be placed at its zero on the scale, any thin 
smooth piece of wood being then held by the hand 
against the surface to be ornamented, and the instru- 
ment set in motion, the tool can be brought up to 
touch this piece of wood so held. If the tool in re- 
volving describe a circle on the wood, the screw must 
be shifted a little until the tool in revolving describes 
only a dot. It is then central so far as relates to its own 
axis of rotation, and can now be adjusted central with 
the axis of the lathe, by setting it in motion, and bringing 
it up to just touch the little knob left in the surface to 
be ornamented. If the dot the tool then makes be above, 
below, or one side of the central projection, the slide- 
rest must be lowered, raised, or shifted sideways until 
the tool makes a small dot exactly on the centre of this 
point. The required eccentricity and radius can now 
be given by moving the slides as before explained. 

This instrument will describe all the figures that 
can be made by the eccentric chuck, but its chief use 
is in combination with other apparatus. 



THE ELLIPSE OHUOK. 

The instrument illustrated at Fig. 191 is the ellipse 
chuck. It screws on the lathe-mandril, the boss being 
fitted with a female screw fitting the mandril nose. 
It has slides b and c, very like the shde of the eccentric 
chuck, except that it is not moved by a screw, but is 
free to move out and in across the centre. 
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The internal slide c has two jaws a, fastened to it 
and going through two properly arranged grooves or 
slots made in the slide b. 

Fastened to the slide c is a tangent screw and 
wheel, in all respects similar to that Pia. 191. 
on the eccentric chuck. 

There is also another part which 
is fastened on to the lathe-headstock 
in sxich a manner as not to interfere 
with the rotation of the spindle. This 
pEot is a sort of frame, having an 
elongated hole through it for passing 
over the spindle and allowing the 
frame to move sideways. Attached 
firmly to the frame, or in one piece 
with it, 13 a circular ring, and the two jaws of the 
other part of the chuck are placed wide enough apart 
to span the ring, and fit it nicely without play. 
The top part of this frame is graduated, and when on 
in place comes level with the top of the headstock, 
where there is a line by which the graduations are 
read ofi*. This scale is divided into twentieths of an 
inch, and generally for a distance of from J inch 
to 1 inch from the zero point, on the left of that point 
only, the numbers also commencing at the zero line 
and going towards the left hand, supposing the operator 
to be facing the chuck. The frame carries two screws, 
which fasten it to the headstock by their conical points 
fitting into deep centre marks cut in the opposite sides 
of the headstock. 

To put the chuck in position ready for use, the 
frame must first be put on over the spindle-nose, care 
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being taken that the graduated side is uppermost, and 
that the holes or indents in the headstock which take 
the screw points are free from dirt. The zero 
point of the scale should also be opposite the line 
on the lathe-headstock. The other part of the chuck 
can now be screwed on to the spindle, the jaws 
being guided by hand to come opposite the ring and 
encircle it. On the lathe being put in motion there 
will be no movement of the slide e, whilst the zero 
point of the scale is opposite the index line on the 
headstock. The chuCk may therefore be used as a 
receiver of any of the plain chucks, and work surfaced 
or turned up to a circular shape, precisely as if it were 
directly on the lathe-spindle. When used in this way 
a small pin is put through a hole in both b and c to 
prevent any slight lateral movement of the slide. 

Having a true surface on the work, remove the 
steadying-pin, place a point-tool in the slide-rest and 
adjust it level and central with the small projecting 
knob left for that purpose on the smface of the work. 
Now if the left-hand screw of the frame be loosened 
and the right-hand screw correspondingly tightened, 
sufficient to bring the tenth divided line of the frame 
opposite the line on the lathe-headstock, this wiU move 
the ring ^ths of an inch from its former position, where 
it was concentric with the lathe-spindle, and place it 
half an inch eccentric to it. 

The lathe in revolving will carry the whole of the 
chuck around with it, but the jaws of the slide having 
to go round the eccentric ring will move the slide to 
which they are attached to and fro in the slide screwed 
on to the lathe-spindle. On setting the lathe in motion. 
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the tool still being as left — ^both level and central— on 
applying it to the surface, a straight line will be 
scratched of a length equal to double the distance the 
ring of the chuck was placed eccentric. This line will 
not be cut, as the motion of the work past the tool's 
point will be in contrary directions. Thus, supposing 
the chuck to be set with the slide vertical, and which is 
the best position in almost every case, the tool's point 
will then be exactly opposite the little central knob ; but 
as the lathe is pulled round, this knob will recede from 
the tool's point and go towards the left ; if, therefore, 
the point tool be placed on its edge, a tolerably dean 
cut will be made. This cut will have gone to its extent 
when the slide of the chuck is brought exactly horizon- 
tal, or has been pulled round one-fourth of a revolution. 
But in pulling the chuck roimd the next quarter of a 
turn, the little central knob will approach the point of 
the tool, so that the tool will only rub along the cut 
already made. At the end of this second quarter of a 
revolution, the chuck will again be vertical, the line 
will also be vertical, and the tool's point will be again 
opposite the central knob. 

The line cut by this half revolution has started from 
the centre, and is equal in length to the extent of the 
ring's eccentricity. 

During the next quarter of a revolution of the chuck 
the central point will again recede from the tool's 
point, and the line will travel past the tool in the 
opposite direction. At the end of the last quarter of 
a revolution the chuck will be again vertical, and all 
the parts will have returned to the position whence 
they started. 
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If now the slide-rest screw be moved, say, five com- 
plete turns, so as to bring the tool's point outwards, 
-^hs equal ^ an inch, the ring of the diuck h&ag left 
as it is, but the point tool previously placed in its ordi- 
nary wording tool-holder — On the lathe being pulled 
round, starting from the vertical position as before, the 
various movemente of the chuck will also be the same 
as before, but an ellipse will be described on the sur- 
&ce of the wood, with a conjugate or short diameter 
equal to double the extent to which the slide-rest was 
shifted, or 1 inch, and with its transverse or long dia- 
meter equal double the extent of the ring eccenhidty, 
1 inch, pltt8 the length of the conjugate diameter, or 2 
inches. 

By now turning the tangent screw, and thus shifting 

Fra. 192. ^^ division wheel of the chuck, 

on setting the lathe in motion, 

and applying the tool between 

each movement, a series of 

ellipses will be arranged equally 

around the central pcmt of the 

wood, and the figures produced 

will be like those at Fig. 192. 

It must be understood that 

each series of ellipses was cut without moving or 

altering the eccentricity of the ring, or the distance of 

the tool's point from the centre. 

An ellipse having been struck on any surface attached 
to the chuck, if the tool's point be shifted, by means 
of the slide-rest screwl the same distance the other side 
of the centre, the tool being held in the reverse tool- 
holder or the holder by which the tool may be used 
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with its cutting edge downwards, an ellipse will also be 
cut, but it will be exactly at right angles to the one 
previously described. 

In using the ellipse-chuck, it should be borne in 
mind that : — 

1. The distance the slide travels fix)m the centre is 
termed the throw of the slide/ 

2. The graduated scale of the ring frame being at 
zero, and the tool applied to the centre of the surface, a 
dot only is produced ; but the tool applied any distance 
from the centre, a circle is produced, corresponding in 
diameter to that distance. 

3. The ring being placed eccentric to the lathe 
spindle, and the tool applied to the centre of the sur- 
face, a Une is produced equal in length to double the 
extent of the ring's eccentricity ; but the tool being ap- 
pUed a distance from the centre, an ellipse is produced. 

4. The conjugate diameter of the ellipse is equal 
to double the distance of the tool's point from the 
centre ; the transverse diameter is equal to double the 
ring's eccentricity pliis the conjugate diameter. 

5. By shifting the division wheel of the chuck, the 
angular positions of the eUipses are determined. 

6. By altering either the ring's eccentricity or the 
position of the tool, the relative length of the diameter 
can be altered to produce ellipses of all shapes between 
the right line and the circle. 

7. By altering both the eccentricity of the ring and 
the tool's position to proportional extent, so as to keep 
the relative length of the conjugate and transverse 
diameters the same, parallel concentric ellipses are 
produced. 
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8. The tool's point must be kept at the same height 
of centre, or the angular positiona of the elUpses pro- 
duced wilt not be the same. 

9. This chuck cannot be worked feat, as, in revolv- 
ing, the eccentricity and change of position of the slide 
causes a great deal of shaking of the lathe, which is 
prejudicial to good work. 

THE ELLIPSE-OUTTING INSTRUMENT. 

This instrument, illustrated at Fig. 193, ia for cutting 
ellipses and other figures upon surfaces, and is of far 



more service for ornamental turning than the ellipse- 
chuck ; indeed, this instrument is one of the neatest and 
most convenient of any yet invented. 

The stem a fits into the tool-holder of the slide- 
rest in the same manner as the eccentric cutting in- 
strument. 

One end of this square stem is made round, and 
carries the pulley b, which has several angular grooves, 
to allow of the instrument being driven by the gut 
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from the overhead motion. The carrying plate c 
of the mstruraent is attached to this pulley, and is of 
course driven by it. 

The stem is bored through, and a small shaft put 
inside it, having at one end the central wheel d, and at 
the other a worm-wheel of 150 teeth, geared into by 
a tangent screw carried by a frame fixed to the end of 
the square stem of the instrument The wheel is also 
graduated on its edge into 72 divisions read off from a 
pointer on the frame carrying the tangent screw. 

Attached to the carrier plate c is a radial arm e 
having on it a boss bored through, and fitted with the 
fltemorspindleoftheeccentiicann/. This arm is pre- 
cisely similar in construction to the arm of the eccentric 
cutting instrument. At the other end of the stem or 
spindle of the eccentric arm, and inside the radial arm 
e^ there is a brass pinion ^, geared into by the wheel A, 
which, in turn, is driven by the central wheel d. The 
radial arm is fastened to the carrier-plate at two points, 
by the screw i and the screw k. The former is the 
centre round which the arm radiates, and is also the 
8{Andle or axis upon which the intermediate wheels 
revolve ; the other screw goes through a curved slot in 
the arm, as will be seen. The arm can therefore be 
moved around on the centre screw t, to the extent of 
the slot, and is fastened at any point of this movement 
by tightening the milled head screw k. This move- 
ment of the arm is efiected by means of the small screw 
on c, the square end and collar of which is seen, the 
extent of movement being indicated by the graduated 
divisions marked on the edge of the instrument These 
divisions are such that a movement of one will throw 
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the centre of the eccentric spindle -pj^th of an inch out 
of place. 

Now when this instrument is in the slide-rest and is 
set in motion by a gut from overhead passing round 
the pulley 6, the radial arm being fixed at the zero 
point of the graduated scale and the point of the tool 
adjusted central, a dot only will be produced. If, how- 
ever, we stop the instrument, and turn round the 
eccentric screw to move the tool away from the centre, 
and again set the instrument in motion, a circle will 
be cut, the radius of which will depend upon the 
nimiber of turns the eccentric screw was moved. 

By moving the screw of the slide-rest we can place 
a series of circles in a row of any length and at any 
distance apart, and by using the index-plate of the 
lathe-spindle we can arrange these circles anywhere 
round a centre, and at any distance from that centre. 
It will thus be seen that the instrument, when thus 
only used, has exactly the same power as the eccentric 
cutting instrument. 

This instrument is also adjusted central with the 
little knot left on the surface to be figured, in the same 
manner as was explained for the eccentric instrument. 
Before going further we will suppose the tool-point 
to have been thus adjusted central. If the screw k 
be loosed, and the radial arm shifted say 20 divisions 
of the graduated scale, which will throw the centre of 
the cutter-spindle -j^ths of an inch out of place, and 
the tool also shifted 20 divisions or -]^ths of an inch 
along the eccentric slide, on the instrument being set 
in motion and applied to the surface, the tool will 
travel across the centre of the work and produce a 
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straight line -^(^ihs of an inch long, -j^^ths each side of 
the centre. 

If the eccentricity of the radial arm be now reduced 
10 divisions, which will leave it -j^th of an inch out of 
centre, on again putting it into motion and applying 
the tool to the work, an ellipse will be produced with 
a conjugate or short diameter of y^^ths of an inch, and 
a transverse diameter of ^Vhs of an inch in length. 

By altering the ratio between the eccentricity of 
the radial arm and the cutting tool, an elhpse of any 
proportions can be produced. So far as the shape of 
the figure is concerned it makes no difference whether 
the eccentricity of the cutter is more than that of the 
radial arm, or vice versd ; but in practice the former is 
to be preferred, as the cutting edge of the tool is 
presented to its cut in a more favourable manner. 

The eccentricity of the cutter axis is caused by the 
movement of the arm e, and this movement being 
around the centre t, the cutter axis is evidently movecj 
in the arc of a circle and around the wheel A. 

If the radial arm be moved out 10 divisions and 
the cutter be moved 10 also, on the tool being put in 
motion and applied to cut, a straight line will be pro- 
duced, and if we now shift both 10 divisions more, a 
straight Une double the former length will be pro^ 
duced ; but this line will not come on the same place 
as the last, nor parallel with it, but at an acute 
angle to it. We now find the use of the tangent 
screw at the end of the stem a ; this is so graduated 
that, by moving it the same number of divisions as the 
flange, the radial movement of the cutter axis is 
counteracted. 
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We arc indebted to Mr. Perigal for this neat im- 
provement OD Captun Ash's ellipse iastrument. 

When this instrument has cut an ellipse, any 
number of these figures can be arranged in a straight 
line by shifting the slide-rest, and if the centre of the 
instrument coiocide with the lathe-centre, the ellipses 
may be placed to cut across each other in any angular 
position by moving the divifflon-plate of the lathe. 
When, however, the two centres of the lathe and 
instrument do not coincide, the movement of the lathe- 
plate has the efiect of arranging the ellipses eccentric 
to a common centre; and in this case the angular 
position of the ellipses is determined by moving round 
the tangent screw at the end of the instrument. The 



worm-wheel having 150 teeth, if the tangent screw be 
moved round 37^ times, the ellipse will be struck at 
right angles to its former position. Any smaller angle 
can be obtained by moving the tangent screw a less 
number of turns ; the movement is generally better 
indicated by the division index on the edge of the 
wheel. Fig. 194 is formed by a series of vertical 
ellipses arranged round a centre by the movement of 
the division-plate of the lathe. Fig. 195 is formed of 



THE ELLIPSE-CUTTING INSTRUMENT. 255 

a series of horizontal ellipses arranged round a centre 
by the same means. 

It will be well to bear in mind that, in using this 
instrument, when the radial arm and the cutting in- 
strument are both moved out of centre the same 
distance, the tool will cut a straight line. 

In order to produce an ellipse there must be some 
difference between the eccentricities, and the propor- 
tions of the ellipse will depend on the extent of the 
two movements. 

The transverse or long diameter will be equal to 
double the sum of the two eccentricities, and the con- 
jugate diameter will be equal to double their difference; 
the straight line may therefore be looked upon as an 
ellipse with a conjugate diameter=0. This instrument 
cuts an ellipse when the eccentric cutter makes two 
revolutions, whilst the pulley and carrier-plate make 
one in the opposite direction. In this case there will 
be a 48-tooth wheel as a stationary driver, gearing 
with a wheel of 24 teeth on the same socket with a 
36-tooth wheel gearing with another 36 on the end of 
the eccentric frame spindle. When the instrument is 
in motion the 48-tooth wheel is still stationary and the 
24 is carried round it, making two turns every time, 
and these two turns are communicated to the eccentric 
spindle by the two 86-tooth wheels. 

If we remove these two S6-tooth wheels, and put a 
wheel of 48 t^eth on the socket with the 24-tooth wheel 
already on, and put a 24-tooth wheel on the eiid of the 
eccentric spindle, on putting the instrument in motion 
the cutting frame will no longer make only two rotations 
whilst the carrier-plate and pulley make one, but it will 
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revolve four times iii the same period, and instead of 
Fw 106 an ellipse a four-loopedorfoiir- 

sided figure will be produced. 
When the radial arm is 
shifted the same number of 
divisions aa the eccentric cutter 
the loops will cut across the 
centre, as will be seen at 
Fig. 196. 

When the arm is moved 
less than the cutter, the loops all pass the other side of 
the centre. When the arm is moved more than the 
cutter, the loops will all fall short of the centre. When 
the radial arm is moved very much more than the 
cutter, the figure has no loops, but becomes a four- 
cornered figure, as can also be seen from Fig. 196. 

These figures can be changed again into spirals by 
reversing the various wheels, so as to make the carrier 
plate rotate faster than the cutter frame. 

In Fig. 196 the central figure is made of two four- 
looped figures, placed in position by moving the 
tangent screw. The arrangement of the outside four- 
looped figure is obtained by moving the division-plate 
of the lathe. The intervening figure conasts of three 
round-cornered squares arranged by the tangent screw. 
The ellipse-cutting instrument has the advantage 
of enabling one to omaroent sur&ces of work that 
cannot be placed on the lathe-spindle parallel to the 
Burfece of the chuck. The flat edges of squares or 
polygons can be thus ornamented by means of this 
instrument, by merely turning the shde-rest to face the 
.eiirface to be figured. The same precaution must now 
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be taken to place it as central as before, and additional 
care must be exercised to make sure of placing the 
surface exactly at right angles every way to the axis 
of the cutter. Should this care not be taken, the 
cutter in revolving will cut deeper at one part of its 
revolution than at the other. The surface can be 
readily put into position by setting it at right angles 
to the bed. This is done by placing the stock of a 
square on the lathe-bed, and shifting the division-plate 
by a division or by the micrometer screw until the 
blade of the square touches all along the surface. The 
stop of the slide-rest will prevent the slide being much 
wrong, but it is better to make sure of the surface 
being properly arranged by pulling round the eccentric 
instrument with its point just touching the surface to 
be figured. If the point of the tool touches alike all 
round, it is properly set, but if it only touches at one 
part of its revolution, say at the top, then the division- 
plate must be moved round by the micrometer screw 
of the index, so as to cause the top to recede from the 
tool just half of the difference. The instrument must 
then be again pulled slowly round, and re-adjusted if 
the movement of the division-plate was not enough or 
too much. 

If instead of the tool in revolving touching the top 
or bottom, it touches one of the sides, then the slide- 
rest must be moved round in such direction as will 
bring the point of the tool from the place where it 
touches. This adjustment must be continued until the 
tool, in revolving, touches everywhere alike. It is not 
at all necessary, in doing this, that the surface of the 
article should be scratched or disfigured in any way. 
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but a little care will have to be exercised to prevent 
this being the case. When the iDstnimeDt is properly 
adjusted, the figuriag b cooducted precisely as in the 
cases before meotioDed. 



THE ROSE-CCTTIXG INSTRUMENT. 
The instrument, illustrated at Fig. 197, is the rose- 
cutting instrument ; the stem a is made to fit the tool- 
groove of the slide-rest, and has a hole bored through 
Fi8. 19-. 



it in which there is a small shaft, having at one end a 
worm-wheel b, and at the other the eccentric frame c 
and shde d. The frame carries a small tool-bos, 
which is moved along it, by the eccentric screw e of 
the same pitch as the screw used for similar purposes 
in the eccentric cutting instrument and the ellipse 
cutter. The frame c is made with a sUde to fit into 
the slide d, and there is also a slot cut through d to 
allow the pin / attached to c to come through and 
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have room to move along it. This pin also carries a 
small steel roller. 

Attached to the back end of the stem is a frame g 
carrying a tangent screw with a pulley on its axis> and 
which screw gears with the wheel b. The stem in 
front carries the shaper- plate or rosette, but this 
rosette can be exchanged for any other of different 
shape at pleasure, and when on, is not immovably 
attached to the stem df, but may be shifted round by 
turning the tangent screw A. When in work the 
instrument is held in the slide-rest precisely the same 
as the other cutting instruments, but the gut from 
overhead is placed around the pulley on the tangent 
screw gearing with the wheel b. On this pulley being 
set in motion it drives the shaft or spindle passing 
through the stem of the instrument, and consequently 
the slide d and frame c. These, in revolving, carry 
the small roller with them, and this roller is pulled 
against the stationary rosette by a strong spring, which 
cannot be seen, as it is at the back of the slide. It 
will therefore be understood that as the roller is 
attached by the pin to the cutter slfde c, this slide is 
forced to move in and out along the sUde d accord- 
ing to the shape of the rosette. This instrument is 
very simple in its use, and the patterns to be obtained 
by its means are exceedingly beautiful. 

When a surface is to be ornamented by the rose- 
(iutting instrument the chief point to be observed is, 
that the centre of the rosette should coincide with the 
centre of the place on which the figure is to be cut. 

In order to adjust it central it will be necessary to 
raise tlie nibber or roller off the rosette, and then the 

S 1> 
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instrument may be adjusted in two ways. By making a 
circle around the place where the figure is required, 
and then moving the tool along the eccentric slide fsiX 
enough for it, in revolving, to make a circle of the same 
size as the guide circle ; when the instrument can be 
adjusted by moving the slide-rest until the circle cut by 
the tool, in revolving, will coincide with the circle 
struck as a guide. The instrument is then central, and 
the work can be proceeded with. It is frequently, how- 
ever, inconvenient to strike a circle as a guide for the 
tool, and the instrument can be adjusted to a central 
point instead. If the figures have to be made concen- 
tric with the little central knob on the work, no other 
guide will be necessary ; but if the figures have to be 
arranged eccentric to this knob, a small dot must be 
made with a pencil or a tool in the centre of the place 
where we require the figure. The tool is then moved 
along the eccentric frame to its zero point, so that, in 
revolving, it wiU make only a dot, and the instrament 
can now be easily adjusted by moving the slide-rest 
until the point of the tool will cut this dot precisely on 
the dot made for the guide. 

With the rubber or roller raised off the rosette the 
instrument will only describe a simple circle, of a dia- 
meter corresponding with the distance the tool has 
been shifted along the eccentric frame ; it will, there- 
fore, be seen that the instrument can thus be used as 
an eccentric cutter. 

By turning back the lifting-off screw, and allowing 
the roller to bear against the rosette, on the instrument 
being put into motion and applied to the work, the tool 
having been previously moved along the frame towards 
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the rubber, a figure will be cut the shape of the rosette, 
and of a size corresponding to the distance of the tool's 
point from the zero of the scale. These figures can be 
cut one inside the other at any intervals, by merely 
altering the distance of the tool's point from the 
centre. 

If the centre of the figure coincide with the lathe- 
centre, the angular position of the figure may be altered 
at pleasure by shifting round the division-plate of the 
lathe and thus presenting a fresh place to the action of 
the cutter tool. If, however, the slide-rest be shifted 
and the tool applied, a rose figure will be cut at a 
distance from the lathe-centre depending upon the 
distance the slide-rest was moved, and by moving the 
division-plate of the lathe around so many divisions at 
a time, a series of these rose figures will be cut, 
eccentric to a common centre, precisely the same as 
the plain circles cut with the eccentric instrument. 

If now it be desired to alter the angular position 
of the figures, with regard to their own centre, it is 
obvious this cannot be done by presenting a fresh 
place to the tool, but it must be done by presenting 
the tool to a fresh place. For this it is necessary to 
move round the rosette on the stem of the instrument, 
and to enable this to be done, the tangent screw at 
the back of the rosette is applied. By turning this 
screw the rosette is moved to a fresh position, so that 
upon putting the instrument in motion and applying it 
to the work, the same figure will be cut, but in a 
different angular position. By moving the tool along 
the eccentric frame past the centre to the side opposite 
the roller, and applying it in motion to the surface, a 
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different figiire altogether will be produced. In the 
previous poaition a prominence in the rosette forced 
the slide so as to bring the tool farther from the 
centre of the 6gure ; but in this poaition a prominence 
has the effect of bringing the tool nearer to the centre, 
and a figure is now cut exactly the reverse of the 
previous one. There is the same power of enlarging 
these figures or altering their position as in the other. 

The lifting or stop-screw also gives the means of 
producing another sort of figure from any rosette. By 
moving the screw so as to partially raise the roller off 
Fia 198. ^^^ rosette, the fiill travel of 

the slide will be prevented, 
and a series of fiat lines will b e 
made at those points at which 
the roller is prevented touch- 
ing the rosette. 

Fig. 198 illustrates the uses 
of the rose-cutting instrument. 
The outside of the pattern is 
formed by shifting the poaition of the rosette between 
every cut. The inside part is a series of concentric 
rosettes, to produce which the cutter was moved 
further from the zero point between every cut. 

Besides the chucks and instruments described there 
are several others, but they are little used and are 
comparatively unimportant. Among these are the 
epicycloidal chuck, the straight-line chuck, the rose- 
engine, &c. 

The first is rather a complicated instrument for 
producing epicycloidal figures, most of which can be 
obtained by the other apparatus. It goes on to the 
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mandril end in the same manner as the others. The 
straight-line chuck is an instrument placed on the man- 
dril end for getting right Une motion — some varieties 
of this chuck are made to work with the continuous 
rotation of the lathe-spindle, others require the motion 
of the lathe to be alternate. The rose-engine is a lathe 
in which the rose figures already described are obtained 
by moving the work instead of moving the tool. 

This is done by making the whole of the lathe- 
headstock rock to and fro under the guidance of 
rosettes placed on the lathe-spindle, and which in re- 
volving rub against fixed points or rollers, and so give 
a rocking motion to the work. It is a clumsy and 
complicated piece of mechanism, expensive, and of 
comparatively little service. 

The geometric chuck is the most complicated of all 
the ornamental turning chucks, but that is correspond- 
ingly useful. Almost the whole of the figures which 
can be produced by the chucks described, either alone 
or combined, can be obtained by the geometric chuck. 
I shall therefore reserve the description of it and its 
uses until after I have given a few explanations of the 
modes of combining the various chucks and instruments 
already described. 



OOMBINATIONS OF ORNAMENTAL APPARATUS. 

Hitherto I have explained only the simple uses of 
the various chucks and instruments used by the orna- 
mental turner; enough has been said, however, to 
convey a good impression of the uses of each ; and 
the instruction given, if attended to, can scarcely fail 
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to enable the operator to be tolerably successful in his 
attempts at ornamental engraving. 

The first great step to success is to understand 
thoroughly the simple uses of the instruments, and not 
attempt more complicated combinations of instruments 
until acqu^ted with their separate uses and capa- 



bihties. Without this knowledge their combined action 
would be conducted blindly, and appear to be dependent 
upon chance only for success. 

I may mention that the figures given have been 
chosen as the ones best adapted to show the combined 
action of the instruments. These may be modified, and 
other patterns be obtained with but slight alteration, 
many of which will almost equal in beauty those ob- 
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tained by tbe geometric chuck. It will not be aecessary 
for me to explain every step aud movement required 
to produce the patteras, as, after the inatructiou already 
given, the reader will have no difficulty in seeing for 
himself. 

Fig. 199 was produced by a combination of the 
s^ment-wheel and eccentric chuck, with a fixed tool 
in the slide-rest. 

Fig. 200 was produced by the eccentric cutter and 
eccentric chuck, the cutter being shifted by the screw 
of the slide-rest between every cut. 

Fl«. 203. Fio. 204. 



Fig. 201 was produced by the same instruments and 
in a similar manner. 

The inside curved hues were made by the e^ment- 
wheel. 

Fig. 202 was made by the eccentric cutter and 
eccentric chuck, the circles of the cross being spaced 
by the slide-rest screw, the circles forming the border 
by the division-plate of lathe. 

Fig. 203 was produced by the eccentric cutter, 
which made the small circles. The ellipse shape can 
be obtained either from the elUpse-chuck, or by using 
the eccentric chuck, with the divldoD-plate of the lathe. 



2t>6 LiTHES ASD -KMSISB. 

If the lattt-r m<>ie be employed, anj- amount of ecoetH 
tricilT b givea to the chuck, ami between erefT cut 
the index-wheel of the chuck and divifioo-plate of latbe 
are moved aoj number of dlvi^ioos. in the proportkxi 
of 1 to 2 in •?pp':--*it'; directioD*. 

In the figure there are &^ circle*. To obtain tfaeae 
between every cut the chuck-wheel was moved ^th 
and the lathe ^^t*''* *'^ * revolutioo ; this had the effect 



of causing the lathe to move around twice in one direc- 
tion, whilst the chuck-wheel was moved once in the 
other direction. This is usually termed 'double 
counting.' 

To produce Fig. 204, the counting was the same, 
but the movements were both in the same direction. 
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Fig. 205 was produced by the same instruments, but 
the movementa were such as to cause the lathe to make 
three revolutions, whilst the chuck-wheel made one in 
the opposite direction. To make that figure the chuck 
had an eccentricity of 4J^ turns of its screw, the rest was 
moved 1^ turns towards the operator. 

Fig. 206 was made with the same relative velocity, 
namely 3 to 1. The eccentricity and movement of rest 
were also the same, but the lathe and chuck- wheel were 
both moved around in the same direction. 

Fig. 207 was made in the same manner, with a 
velocity ratio of 3 to 1. The movements were in oppo- 
site directions, and the eccentricity of the chuck and 
movement of the slide-rest were equal. 

Fig. 208. This figure had a velocity ratio of 4 to 1 . 
For the inside the movements were in opposite direc- 
tions, the eccentricity was equal to 5 turns of the screw, 
and the movement of the rest ly,j turns of its screw. 

For the inside the move- Fia. 209. 

ments were in the same direc- 
tion, the chuck's eccentricity 
was 3 and the rest's movement 
^th of a turn. 

Fig. 209 was produced by 
a velocity ratio of 5 to 2 in 
opposite directions. The eccen- 
tricity was 4^, and the move- 
ment of the rest 2 turns of the screw. 

Fig. 210 had a velocity ratio of 8 to 1. For the 
outside the direction of motion was the reverse of what 
it was for the inside pattern. 

By altering the relative velocity of the lathe-wheel 
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and chuck-wheel, figures of almost any number of sides 
or loops can be obtained by these instruments ; and 
by substituting the ellipse instrument for the eccertric 
instrument, the same Bgurea are produced in ellipses 
instead of circles. The ellipse patterns are, aa a rule, 
much more beautifiU than the others, but they are do 
more diflScult to produce. Indeed, there is no great 
diflficulty in producing a pretty pattern with any itiptru- 
Fio. 2ia 



meat ; but when the system of double counting is em- 
ployed, the movements of the required divisions become 
exceedingly tedious, and require considerable patience. 

I may here say a word on the ornamental uses of 
the vibrating saddle, or apparatus for irregular shape 
turning, shown at Fig. 137. 

If we have a true surface attached to the lathe- 
spindle, and we cut a line on it with a tool held in the 
shde-rest, while the sliding clutch is in gear with the 
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worm-wheel on the surface-screw, an Archimedian 
spiral will be described, the pitch of which will 
depend on the relative velocity of the lathe and surface 
screw. The circular spirals in fio. 311. 

the inside of Fig. 211 are 
spirals of that sort, and are so 
described. 

The outeide spiral of the , 
same figiu^ was cut by the com- 
bined action of the last motion, 
and the vibration of the saddle 
caused by an eccentric circle 

for a shaper-plate. The shaper-plate made four revo- 
lutions whilst the lathe-spindle made one. So also in 
Fig. 212, the outside is formed of two of the same 



spirak, the internal figures were nil producetl by the 
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same shaper-plate and with the same velocity ratio, 
but with the tool's point at smaller disUmces from the 
centre. 

Fig. 213 was produced by the motion of the slide, 
but the shaper-plate was a crank-pin, having a throw 
equal to half the diameter of the figure. 

Fig. 214 was produced also by a crank-pin, having 
a throw equal to the width of the figure, the velocity 



ratio being expressed by a mixed number or a whole 
number and a fraction. The figure produced is formed 
of one continuous line. 

By combining tlie movement of the saddle with the 
eccentric instrument or ellipse instrument, the figures 
produced are very beautifid. 

Figs. 215, 216, 217 were produced by the vibrating 
saddle and eccentric instnuneut. 
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In Fig. 215 the shaper-plate was a crank-arm, making 
five revolutions, whilst the lathe-spintlle made two, 
Fio. ai4. 
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In Fig. 216a crank-arm made ten revolutions to one 
of the lathe-spindle. 
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In Rg. 217 the shaper-plate was an eccentric circle 
moving sixteen turns to one of the lathe. 

The interior rose-work had very little ecxjentricity, 
and the movement of the slide-rest was consequently 
but very slight. The roses of the border were pro- 
duced in the same manner, but were so placed by the 
eccentric chuck. The main figure is very fine, the 
circles forming it were cut by the eccentric instrument. 

In using the various instruments with the moving 
saddle, it will be understood that the movement of the 
lathe is not continuous, but the circles or ellipses 
formed by the instruments are spaced by the division- 
plate of the lathe. In this case the movement of one 
or more divisions not only moves the lathe a certain 
distance round, but the shaper-plate and slide carry- 
ing the instrument are also moved a corresponding 
distance. 

The figures to be product by the various combi- 
nations of apparatus are practically endless, but I can- 
not afford more space to their further explanation. 



COMPENSATING INDEX, OR ELLIPSE DIVIDER. 

In using the ellipse-chuck in conjunction with the 
eccentric cutting instrument, and in using the eccentric 
chuck and eccentric instrument for ellipses or other 
figures obtained by double counting, it necessarily occurs 
that the ellipses or other figures are not equally divided. 
The angular velocity of the figure is continually chang- 
ing — in the ellipse the circles cut by the eccentric 
instrument are crowded together at the ends of the 
long diameter. It will be seen that this is precisely 

T 
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the same whether the ellipses are cut by the ellipse- 
chuck or by double counting, and that the same 
unequal spacing of the circles occurs in the looped and 
other figures. It will also be hereafter seen that the 
same peculiarity occurs with the elUpses and other 
figures cut by the geometric chuck. In order to ob- 
viate this, a very neat and ingenious instrument was 
devised, I believe, by Mr. Ibbotson, and which is usually 
died the compenitog inde^, ^ sometimes con- 
sidered the third part of the geometric chuck. This, 
however, is a misapprehension, as, although the instru- 
ment may be used in conjunction with the geometric 
chuck, it is equally appUcable to the ellipse-chuck and 
to double counting. 

In using the ordinary index-pointer and division- 
plate, although the same space is passed at each move- 
ment of the division-plate, still the spaces between the 
circles cut on the figures are not equal. 

This instrument performs its purpose by keeping the 
angular velocity of the figure constant. When used 
with the ellipse-chuck or for double counting, it is 
applied and used in place of the ordinary index-pointer 
or spring. 

It consists of a thin plate or arm carrying a crank- 
plate with adjustable throw, and the wheels necessary 
to drive the crank-plate from the lathe-spindle. The 
thin plate fits against the lathe-spindle just inside the 
headstock, and is also kept firm by a link which con- 
nects it to the lathe-bed so as to hold it with the 
line joining the centres of the wheels, quite hori- 
zontal. 

The wheels are small brass wheels and are change- 
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able, with the exception of the one on the lathe- spindle, 
which is fixed. When used with the ellipse-chuck, 
wheels are put on to cause the crank-plate to rotate 
twice whilst the ellipse is generated, or during one re- 
volution of the lathe-spindle. 

The throw of the crank-arm is regulated by a screw 
with a divided head ; the throw must be the same as 
that of the chuck. The crank-arm works in a small 
block, which slides in a slot cut in another arm fastened 
against the lathe-spindle, but not directly afiected by 
the movement of the spindle, although it is so through 
the means of the wheels and crank-arm, because as 
the crank-arm rotates it causes the slot-arm to oscil- 
late through an arc, struck from the centre of the 
lathe-spindle. Attached to this oscillating arm is a 
short index-pointer for taking into the holes on 
the division-plate in place of the one generally 
used. 

The ellipse-chuck must be exactly upright, whilst the 
spindle centre, the crank-plate centre, and centre of the 
crank-pin, are all in one line and horizontal. The 
crank-arm is then at the extreme outward end of its 
stroke in the slot. The eccentric instrument would be 
cutting at the flat lines of the ellipse, where the circles 
would be farthest apart, if they were cut without the 
compensating index. 

The instrument is used in a similar manner for 
double counting, but with the geometric chuck it is 
placed differently. 



T 2 
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THE GEOMETRIO OHUOK. 

The geometric chuck is an arrangement of mech- 
anism for producing two or more circular movements in 
parallel planes. The combination of these movements 
with different velocity ratios and different radii results 
in the formation of a great variety of highly interesting 
curves and geometric figures. Two of these move- 
ments are combined in double counting or counting 
with the lathe division-plate and eccentric chuck- wheel ; 
but in this case the motions are intermittent, whereas 
with the geometric chuck they are continuous. In 
double counting the various parts of the figure are 
separately worked out by tedious motions of the hand 
and counting, which, even when care is taken, are very 
likely to be done incorrectly, whereas the figures pro- 
duced by the geometric chuck are generated automa- 
tically by continuous motions, and require no attention 
after the chuck is properly arranged and the lathe set 
in motion. 

There has been a great deal of controversy as to 
who was the inventor of these instruments. The chuck 
usually goes under the name of Ibbotson's Geometric 
Chuck, and Ibbotson himself says he derived the ideas 
firom the geometric pen of Suardi, who published an 
account of it in 1752. 

The rectilinear movement of the slide was the first 
plan for getting the eccentricity, and this was evidently 
derived from the ordinary eccentric chuck. With this 
arrangement every movement of the sUde required a 
fresh adjustment of the wheels to gear with the wheel 



THE GEOMETRIC CHUCK. 277 ! 



on the slide. It appears that after contriving his 
chuck, he saw in the ' Manuel du Tourneur ' a descrip- 
tion of * La Machine fipicycloide/ and this instrument 
had a flange motion, of which the eccentricity was 
obtained without throwing the wheels out of gear. 
Ibbotson altered his chuck to work on this plan, which 
he states to be the best plan. It did not occur to him 
that the wheels might be kept in gear by hnking them, 
as was the plan afterwards adopted by Mr. Perigal. A 
writer in the ^Mechanic's Magazine,' September 26, 
1859, stated that he had * possessed geometric chucks 
and compound geometric chucks, but that the idea of 
them came so easily, and must have occurred to many 
others besides myself, that they did not appear to be 
worth communicating.* This, and the assertion that the 
geometric chuck would describe spirals, seems to have 
rather disturbed Mr. Ibbotson's equanimity, and to 
have evoked a reply in the shape of a pamphlet entitled 
* A Brief Account of Ibbotson's Geometric Chuck.' This 
was published at five shillings, but contains but few speci- 
mens, and little information on the chuck or its action. 
The jealousy with which he guarded his chuck may be 
seen from his assertion that he had * never made any 
particular communication of the mechanism of the in- 
strument but to four gentlemen, who gave me their 
word and honour, under their handwriting, that they 
would not divulge any part of it in any way whatever.' 
It was certainly an ingenious contrivance, but its im- 
portance appears to have been much overrated by the 
inventor. With regard to the chuck being able to 
generate spirab, it can most certainly do so, but, as 
Ibbotson says, they must sooner or later return into 
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themselves ; they are nevertheless spirals, although not 
the spirals of Archimides. 

Mr. Henry Perigal, F.R.A.S., who has devoted a 
great deal of time to the study of the curves generated 
by the geometric chuck, has materially improved it by 
reverting to the rectilinear movement, and applying 
means whereby the wheels are caused to follow up 
the slide and keep in gear. This is accomphshed by 
mounting the wheels on double radial arms, bs will be 
seen hereafter. By simplifying it he hoped to render 
it less costly, so as to facilitate its adoption and use by 
most amateur turners; but the makers persisted in 
charging a prohibiting price for it, so that very few 
were sold. 

The geometric chuck is shown at Fig. 218 ; the illus- 
tration is too plain to render much explanation neces- 
sary. It is there, however, shown on a frame devised 
by Mr. Perigal, and by which amateurs may arrange all 
their figures upon paper placed in the tracing chuck, 
at the same time making a note of their adjustment 
previous to executing a fac-simile with the same com- 
binations and conditions in the lathe. This apparatus 
is convenient for use upon the table either in the library 
or workshop.* A flange chuck for holding paper is 
shown on the geometric chuck-nose, but this can be 
removed, and any other substituted. On the boss of 
the chuck is a socket, which carries two wheels, one 
of which is narrow, with ninety-six teeth, and is the 
stop or index- wheel ; this wheel is fastened against a 

* This apparatuB is manufactured by Mr. E. Baker, of 13 Mount Row, 
Grosvenor Square, who fumiehed me with the photograph, and of whose 
work I can speak very favourably. 
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Saage of the same size as the top of the wheel teeth, 
and which ia divided into ninety-six, each division- 
mark being at the top of a tooth. 

When the chuck is on in place, there is a small spring 
index, for taking into the teeth of the index-wheel. 
The second wheel on the socket has also ninety-six 
teeth, but is much wider. This is the driviog-wheel 
of the chuck. 

The train of wheels to communicate motion to the 
eccentric axis is varied according to the nature of the 
Bgure the chuck is to produce. Some of the wheels, it 



will be seen, are carried upon double radial links, which 
keep them in gear with the eccentric wheel in every 
position of the slide. The slide-screw is of ten pitch 
with two threads ; its index is divided into twenty, and 
numbered every two divisions. The slide chiefly throws 
out one way only — ^towards the index ; when central a 
pin may be put through the slide to. keep it steady and 
allow work on the chuck to be surfaced or turned up. 
The eccentric index-wheel has ninety-six teeth and 
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a spring catch ; it is also divided on its flanged edge. 
Some chucks can be caused to revolve in contrary 
directions by moving another wheel into gear ; but the 
simplest plan is to interpose another arbor with an 
intermediate wheel, as a less costly expedient. 

In using the geometric chuck, it is first screwed on 
the nose of the mandril, the stop released, and the 
chuck pulled round a few times by hand, to be certain 
there is no binding of the axles or dirt between the 
wheels. Should there be any unusual resistance to 
this pulling around, the operator must ascertain and 
remove the cause before setting the lathe in motion. 

The mechanism of the chuck being rather delicate, 
and the whole success of the instrument dependent 
upon the absolute truth in all respects of the mechanism, 
it is manifestly of importance to keep the instrument 
free from dirt when not at work, to protect it as much 
as possible from dust and grit when at work, and also 
to keep the whole of the bearings and slides well oiled 
and quite free from abrasion. 

The number of figures to be obtained with the 
chuck, and their variety, is 30 great that it is necessary 
to use the chuck systematically, and to obtain the 
various figures by rule and not by repeated chance 
trials. I don't mean to say that it is advisable — 
although certainly possible — to calculate beforehand 
the exact nature of the curve or figure certain wheels 
and certain eccentricities will produce, or to lay down 
the figure and calculate the exact conditions of the 
instrument necessary for its generation. This much, 
however, should certainly be done. All the conditions 
or parts aflecting the shape of the figure should be each 
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known by a name, which should also be as expressive 
as possible. The share each part of the instrument has 
in generating a figure should be understood, and also 
the extent to which varying conditions of a certain 
part afiect the figure generated. Thanks mainly to 
Mr. Perigal, the laws governing the motion of the 
geometric chuck and the production of figures by it are 
tolerably well known, and I here hope to convey to the 
reader sufficient information on these points to enable 

' him to judge with considerable accuracy both of the 

figures produced by certain motions and of the motions 

, necessary to produce known figures. 

I By thus working systematically, the figures generated 

I by its movements are found to follow certain and un- 

I alterable laws, which can be calculated upon beforehand 

with perfect surety, and no great difficulty. 

I am indebted to Mr. Perigal for the following laws 
and definitions, together with the figures used to illus- 
trate them. Those who desire to be well acquainted 
with this beautiful instrument are advised to read the 
rules attentively, and try them over by aid of the chuck 
itself, as by these means the rules will not only be 

I easier remembered, but their practical applications will 

I be better understood. 



1. The axis of the first motion of revolution, or the axis 
of the lathe mandril carrying the geometric chuck, is termed 
the * deferent axis.' 

2. The axis of the second motion of rotation, or the axis 
carried by the first slide of the chuck, is termed the ' epicyclic 
axis.' 

3. The axis of the third motion of rotation, or the axis 
carried by the second eccentric slide, is termed the ' com- 
pound epicyclic axis.' 
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4. The distance from the defereot axis to the epioyclic 
axis is termed the ' deferential radius.' 

5. The distance from the axis of the lathe to the point of 
the tool describing the figure, when the first part or simple 
geometric chuck is used, is termed the * epioyclic radius ; ' but 
when the second part, or compomid geometric chuck, is used, 
the distance from the epioyclic axis to the compound epi- 
cyclic axis is termed the ' epioyclic radius/ 

6. The distance from the axis of the lathe to the point 
of tool in the slide-rest delineating the figure is iermed the 
* compound epicydic radius.' 

7. The proportion or ratio the deferent radius bears to the 
epicydic radius, or the epioyclic radius bears to the compound 
epicydic radius, is termed the ^ radial ratio.' 

8. When both the deferent axis and the epicydic axis are 
rotating in the same direction, whether left to right, like the 
hands of a watch, or the reverse, the motion is said to be 
direct, and the same term is applied to the same conditions 
of the epioyclic and compound epicydic axes. 

9. When the deferent axis and the epicydic ads, or the 
epicydic and the compound epioyclic axes, rotate in contrary 
directions, their motion is said to be inverse. 

10. The ratio or proportion the number of revolutiond of 
the deferent axis bears to the number of rotations of the 
epicydic axis is termed the ^ velodty ratio.' The same term 
is applied to express the ratio between the number of rota- 
tions of the epioyclic and compound epicydic axes. 

11. The terms 'rotation' and 'revolution' must be 
understood according to their kinematic meaning, and not 
their dictionary or popular meaning. According to the latter, 
they both mean the same state of motion, and are used in- 
discriminately one for the other ; but according to the former, 
they each have a separate signification, and must not be 
confused the one with the other. [When a body turns round 
its own centre it rotates, when turning round any other 
centre it revolves.] 

12. Curves or figures generated by one circular motion or 
simple rotation are true circles or circloids. These are the 
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figures generated by a point applied to a surface in motion 
on the lathe-^pindle. 

13. Figures generated by two circular movements, or 
double rotation or revolution, are termed bicircloids. These 
are the figures delineated by a point applied to a surface 
attached to the simple geometric chuck in motion. 

14. Figures generated by three circular movements, of 
rotation and revolution, are termed tricirdoids ; and so on, 
according to the number of generating movements* Tri-> 
circloids are generated by the compound geometrical chuck. 

15. Figures generated by the same velocity ratio, but 
reversed direction of motion, are termed ^twin curves/ Thus 
the velocity ratio of 2 of the deferent axis to 1 of the 
epicyclic axis will, when the motion is inverse, produce an 
ellipse, but when direct will produce a two-looped figure. 
The ellipse and two-looped figure are termed * twin figures ' 
or twin ciurves. 

16. Figures generated with a constant direction of motion, 
but reversed velocity ratio, are termed ' reciprocal figures.' 
Thus a velocity ratio of 2 to 1 inverse will produce an ellipse, 
but a velocity ratio of 1 to 2 inverse will produce a one 
inside-looped figure. The ellipse and the one-looped figure 
thus produced are reciprocals. 

17. With constant velocity ratio and direction of motion, 
but variable radial ratio, many varieties of the figure, due to 
the constant conditions, are produced. The changes thus 
produced are termed the ^ phases of the curve.' 

18. The apocentres are the points farthest from the centre 
of the figure. They all are contained in the circumference 
of a circle equal in radius to the sum of the radii of the 
defereiit and epicycle. 

19. The pericentres are the points nearest to the centre 
of the figure ; they are contained in a circle of a radius equal 
to the difference between the two radii. 

20. The number of both apocentres and pericentres is the 
same as the number of loops or branches in the figure. 

21. Figures with their loops all meeting or cutting through 
the centre are termed ' centric' Those having each of their 
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branches or loops wholly oii<me side of the centre are termed 
^ ciscentric ; ' and those having loops which circumscribe the 
centre are termed ' transcentric figures.' 

Ciscentric phases of a figure may be looped, cusped, 
orthoidaly or wa%'y. 

With the ezcc^ion of two fignzes, the annuloid and ellipse, 
the transcentric and centric phases are aU looped. 

22. Complemental curves are the two similar figures 
generated by inverse motion, with compl^nental velocity 
ratios. 

Supplemental curves are the two similar figures generated 
by direct and inverse motion, with supplemental velocity 
ratios. 

23. When the angular velocity of the deferent is less than 
that of the epicycle, or the number of rotations of the epicyclic 
axis is greater than the number of its revolutions, the curve 
or figure produced is a double spiral or volute going firom the 
centre with a gradually increasing speed, and then returning 
to the centre with a speed as gradually decreasing. 

24. When the angular velocity of the deferent is greater 
than that of the epicycle, the figure produced is looped or 
cusped. 

25. The deferential velocity determines the number of 
^ loops which will be produced. 

26. The epicydoidal velocity determines the order of 
their arrangement. 

27. When the velocity ratio is expressed by a firaction in 
its lowest terms, the number of rotations of deferent axis 
being the numerator, and the number of rotations of the 
epicyclic axis the denominator — the numerator will show the 
number of loops to be obtained from the combination, and 
the denominator will show their arrangement, whether con- 
secutive or alternate, &c. 

28. Other conditions being constant, the direction of 
motion determines the placing the loops inward or out- 
wards. 

29. Direct motion will only generate curves or figures with 
inward loops. 
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30. Inverse motion will generate all figures with loops, 
both inside and oatside, centric, ciscentric, or transcentric. 

31* The radial ratio determines the position of the loops 
with regard to the centre of the figure, whether they will be 
centric, ciscentric, or transcentric. 

32. If the radial ratio is as 1 is to 1« or if the radius of 
the deferent and epicyclic circles be of the same length, the 
loops of the figiure produced will be centric, and the peri- 
centres will all be situated in one point — the centre of the 
figure. 

33. When the epicyclic radius is less than the deferent 
radius the loops of the figure generated will be ciscentric 

34. When the epicyclic radius is greater than the deferent 
radius the loops will be transcentric. 

35. The motion being direct, the figure is cusped when the 
radius of the epicycle is to the radius of the deferent in the 
same ratio as the epicyclic velocity is to the sum of the 
epicyclic and deferent velocities. 

The motion being inverse, the figure is cusped when the 
radius of the epicycle is to the radius of the deferent in the 
same ratio as the velocity of the deferent is to the difference 
between the velocities of epicycle and deferent. 

36. The motion being direct>, the curve is orthoidal when 
the radius of the epicycle is to the radius of the deferent as 
the square of the deferential velocKy is to the square of the 
sum of the deferential and epicyclic velocities. 

The motion being inverse, the curve is orthoidal when the 
radius of the epicycle is to the radius of the deferent as the 
square of the velocity of the deferent is to the square of the 
difference between the velocities of the deferent and epicycle. 

37. With the exception of the annuloid and the ellipse, all 
figures resulting from two circular movements may be gene- 
rated by two different velocity ratios. 

38. The motion being inverse, the same figures are gene- 
rated by a velocity ratio expressed by a fraction having the 
deferent velocity for a numerator and epicyclic velocity for 
its denominator as by a velocity ratio expressed by a fraction 
(in its lowest terms) having the velocity of the deferent for a 
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numerator and the velocity of the deferait minus the ydocity 
of the epicycle for a denominator. These are complemental 
figures. 

39. With direct motion and a velocity ratio expressed by 
a fraction having the velocity of the deferent for a numerator 
and the velocity of the epicycle for a denominator, the same 
figure is produced as with inverse motion and a velocity ratio 
expressed by a fraction having for its numerator the deferent 
velocity and for its denominator the sum of the two velocities. 
These are supplemental curves. 

Figs. 219 to 306 serve to illustrate the forgoing, 
and also to show the capabilities of the simple geometric 
chuck. 
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2Dd BicinrLOiD — Vel. 1 : 1 dir. or I ; 2 inverse. 
Fra. SIS. Fi«. 330. 



Badioa 1 : 1. Badina 1 : 3, 

Fia. 321. Fifl. 322. 



Badina S ; S. 
Fl«. 335. 



LATHRS AXB TCK5I5G. 



3n] 



M£al :l«. 



BaSn 1 : i. Baifiw S . 5. 

FIS.S3L Fu.a3S. 



BadiDBl :t. 
FU.S33. 
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4th BiciRCLOiD — VeL 2 : I dir. or 2 I 3 inv, 
Fis 336. Fie. 2-')U. 



Badin* 2 : S. 
Fia.2S». 



Badina i : 3. 
FlO. 243. 
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5th BiaacLoiD— Vel. 
Fi«.243. 



; 2 dir. or 1 : 3 inr. 
Fia.244 



Badins 1 : 9. 
Fra. 346. 



Badiaa 8 : 3. 

Fie.asa 
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6th BicncLOiD — Vel. 3 : I or 3 : 2 inv. 

PI8.251. Fifl.252. 



Fio. 254. 
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7th BiciRCLoni — Vel. 3 : 1 dir. or 3 : 4 inv. 
FiQ. 269. FiQ. 280. 
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8th BiciBCLOiD — Vel. 1 : 3 dir. or 1 : 4 inv. 
Fw. 207. Fr«. 268. 



Radiiu 1 : 4. 
Fio. 260. 



Radius 9 : lA. 
Fia. 270. 
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9tb Bicncion* — WL 3 : 2 dir. w 3 : 5 inr. 
Fm. 275t Fit KU 



Uwtina I : 13. 
¥m. 277. 




BadiM 31 ; 32. 
Fib. 281. 



iUdiiis 1 : 1. 
Fis.28?. 
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10th BicinCLOiD— VeL 2 : 3 dir. or 2 : 5 iav. 
Flo. 383. Fie. 284. 



LATHS m nnsise. 

lltli BiciBCLat»— TcL 4 : 1 or 4 : 3 tor. 



B^liMl :9. 
Fi«.»8. 



lUdiMl :l 



Badiia 1 : 1 
Fia.2e7. 



itodjiui : 1. 
Fia.29e. 
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Fre. 299. Fia. 300. 



298 LATHES AND Tl'RKlNG. 

Fig. 307 shows the compound geometnc chuck as 
seeu when on in its place upon the nose cf the lathe- 
spindle. The illustration was taken from a photograph 



sent me by Mr. Plant, the maker and improver of the 
instrument. 

The capabilities of the compound geometric chuck 
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are illustrated by Figs. 308 to 323. The blocks from 
which these iiupressions were printed are practical 
examples of the uses and powers of the chuck, as they 



wore cut iu the lathe by its aid, and are the result of 
three circular movements in the same plaue. These 
illustrations will, however, give but a small idea of tliu 
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immense variety of figurea the compound geometric 
chuck will execute. 

By comparing these with those which illustrate the 

Fifl. 312. 



effects of double counting, the difference will be at once 
perceived. 

The compensating index, soraetiiues called the third 
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part of the geometric chuck, has been described 
ab'eady. By applying it to the geometric chuck, the 
ellipse and other figures are divided equally, as has 



been explained. The ellipses shown at Fig. 308 are 
not so divided, as they were cut without the compen- 
sating index. The third part of the geometric chuck in 



302 LATHES AND TURKIKG. 

reality is another eccentric motion, with wheels similar 
to the second part. When all three parts are used 
there are three sun and planet motions, and a much 



greater variety and number of figures may be produced, 
although many of them are almost indistinguishable 
from the number of lines. 
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ORNAMENTAL OUTTINO AND CARVING. 
It is not always necessary that the various patterns 
should be merely cut with angular tools. For very 

Fia. 318. 



intricate patterns, very fine lines are required, but 
other patterns produced by the same apparatus can 
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be rendered highly ornamental by bdng cut in relief, 
cat very deep, or with beaded and curved tools. 

A very etTective ornamental pattern is obtained by 

Fi«. 320. 



using a veneer of a dark wood on light wood or ivory, 
and then cutting the pattern through the veneer to 
expose the light surface underneath. 
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The various rose-engine patterns are very fine when 
cut deeply with a bead-tool or moulding-tool. In all 
these cases, however, the pattern should be simple, and 
composed of not too many overlaying lines. 



When thus cut they have a totally different appear- 
ance from that when cut by simple angular tools. 



306 LATHES AND TUBNING. 

Nor are these the only uses of the apparatus, for the 
eccentric-chuck and the ellipse-chuck both have their 
uses in turning ornamental solids. The forms to be 
produced by them are apparent from their uses in figure 
engraving. The tools used for such turning are the 
same as those for plain turning, and are similarly used. 
The slide-rest tools are in most cases to be preferred to 
hand tools. 

, An apparatus is also frequently appUed to the sUde- 
rest to enable it to turn and ornament with precision 
various curved articles. This contrivance goes imder 
the name of a curvilinear apparatus, and performs its 
work by means of various profile plates, which, being 
afiixed to the lathe, cause the tool to take their ciu*ves. 
But for turning ornamental solids, the ordinary slide- 
rest is frequently replaced by another more convenient 
and comprehensive contrivance, of similar nature, and 
called a spherical slide-rest. 

The instrument shown at Fig. 324 is the spherical 
slide-rest as made by Mr. Evans, of Wardour Street, 
Soho. This rest is used, as its name indicates, for turn- 
ing spherical work, which it will do with greater ease 
and exactitude than by the hand operation previously 
described. The rest, it will be seen, has four slides, 
which are necessary to obtain the various movements 
and adjustments required for this style of turning. 
Each of these slides of course requires to have the 
usual strength, and as there are four, it becomes 
necessary to make them of steel, and to fit them to- 
gether with a great regard to stiffness as well as exact- 
ness. The tool-shde has a tool receptacle with holding- 
down screws, two setting-up or adjusting screws, and a 
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lever handle ; all arranged the same as in the ordinary 
slide-rest already described. The tool-slide altc^ether 
fits into a socket attached to the radius-slide nest be- 
low it, and it may be turned round to any position in 
the socket and fastened there by tightening the screw 
at the side, as will readily be understood by referring 
to the illustration. The two lowest slides are also 



arranged like the slides of an ordinary rest, at right 
angles to each other, and they are both moved by two 
screws, the ends of which are squared to receive small 
winch-handles. The other aUde is also moved by a 
screw and a handle ; but this one, besides carrying the 
socket for the tool-slide, is 6xed upon a worm or tangent- 
wheel, which in turn is placed upon the slide below, but in 



308 LATHES AND TURNING. 

such a manner that both the worm-wheel and its slide 
may be moved around upon it. This is done by means 
of a tangent-screw fastened to the lower slide, and 
rotated by a handle, as shown in the illustration. The 
handle is made long, to allow the top or radius-slide to 
pass over it without interfering with the operator's 
fingers. The various handles are shown in place, but 
of course they are removable. 

The manner of using the slide-rest is very simple, 
being entirely a matter of adjustment. The centre of 
the worm-wheel must come in a vertical Ime passing 
down through the centre of the sphere to be turned, 
and the two bottom slides afford means for so adjusting 
the worm-wheel. The size of the sphere is determined 
by the distance the point of the tool is placed from the 
same vertical line by means of the third or radius-slide. 
The tool-slide screws are more for the convenience of 
putting the tool into cut than for any adjustment for 
the size of the sphere. The various adjustments having 
been made, the point of the tool is caused to de- 
scribe the required curve by turning the handle on 
the tangent-screw. 

By the suitable relative arrangement of the centres 
of the work and worm-wheel, and the tool's point, the 
rest will cut both concave and convex curves ; it will 
also cut a great variety of other figures, such as lemon, 
orange, and egg shapes ; and, besides this, the rest is 
applicable to any of the ordinary slide-rest purposes. 

The traversing spindle is also used for turning 
skew or ' pumped ' articles by substituting a pumping 
socket for the screw socket on the spindle-end. These 
pumping sockets are merely sockets with skew-grooves 



ORNAMENTAL CUTTING AND CARVING. 309 

cut in them, so that when running around in contact 
with a stationary pin, the spindle of the lathe is caused 
to traverse endways in its bearings once or more during 
each rotation. Figs. 325 and 326 illustrate the work 
produced in this manner by pumping sockets which 
cause the lathe-spindle and work to travel once forward 
and back again in each rotation. 

Fig. 325. Fig. 326. 




The bottom part of Fig. 326 is an illustration of the 
style of work produced when the spindle makes several 
strokes each revolution. 

Of course, in this style of turning, the work must not 
be supported by the screw centre, but must be treated 
in the manner mentioned under screw-cutting with the 
traversing spindle. 

The most intricate work in ornamental turning is 
produced by instruments held in the slide-rest, but the 
cutters of which are set in very rapid rotation. Of 
these the drilling instrument is very similar to the one 
already described and illustrated at Fig. 169, but it is 
made much slighter, and fitted with smaller pulleys. 

The drills used are made like Figs. 327 to 330, 
and of many other shapes of cutting edge. 

This instrument only allows the drills to be applied 
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horizontally ; and as it is often necessary to use them in 
other positions, various modifications of the instrument 
are made, one of which, called the vertical drilling 
instrument, allows the driUs to be applied vertically. 
Another, called the universal instrument, allows them 
to be used in any required position. 

There is another instrument, called the eccentric drill. 

Fie. d27. Fig. 328. Fie. 929. Fie. S90. 



very like the eccentric instrument, but stronger made, 
and using similar drilling instruments to those above. 

Fig. 331 is a cutting instrument; its shank is square, 
and fits the receiver of the slide-rest ; it has a hole 
through which the cutter head-spindle passes, and is 
&stened by a nut, which allows it to be placed at any 



Fie. 331, 




angle. The cutters used are similar to Figs. 177 to 
186, and they are driven at a great speed, generally 
with the cutting edge running downwards, so that the 
shavings may go down, instead of being thrown up into 
the operator's face. 

There are also various modifications of this instru- 
ment ; of these the universal cutting instrument allows 



Fis. 132. 

I* 
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the cutter to be used in any position, and the internal 
cutting instrument is for reaching into long recesses or 
holes where the other inatruments are not applicable. 

Fig. 332 is the spherical chuck ; it screws on the 
lathe-spindle end, and is generally 
used in conjunction witli the seg- 
ment divider for ornamenting ^heres, 
which are held in an ordinary chuck 
screwed on to its nose. By moving 
round the screw-head the position of 
the work on the spherical chuck is 
determined. 

The chuck-nose may also be swivelled and fixed at 
any angle by means of the quadrant slot and screw. 
The division of the figures or ornament on the work 
is obtained by means of the tangent-screw and wheel, 
as will be easily understood. 

Fig. 338 is the spiral chuck ; it is a sort of false nose 
screwing on the spindle end, and carrying 
a screwed nose to receive any of the or- *' ' 

dinary chucks. This nose forms part of a 
socket which may be shifted round with- 
out altering its centrality ; it also carries 
an index-plate and catch, and is fitted to 
receive one of a series of change-wheels. 

The chuck itself forms part of a set of apparatus for 
spiral turning. Through the medium of this contri- 
vance the lathe-spindle is connected with the slide-rest 
screw by change-wheels, which act in precisely the 
same manner as in the self-acting lathe already 
described. 

The remaining part of the apparatus is a radial 
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arm, which fastens on against the headstock, just behind 
the spiral chuck. This arm has a long slot-hole for 
receiving the various spindles used to carry the inter- 
mediate change- wheels. 

For screw-threads of ordinary pitch the lathe is 
driven as usual, and its motion sets the rest-screw in 
motion and traverses the tool. When coarse-pitched 
spirals are required for cutting Elizabethan ornaments, 
twisted pillars, and such work, the lathe-spindle and 
slide-rest screw are, as before, connected by a set of 
change-wheels, which will produce the required pitch, 
but the gut is thrown oflf the driving cone, and the cone 
and work are driven by turning the handle of the rest- 
screw. 

The ordinary slide-rest tools are not applicable to 
this style of work, as the motion is too slow to enable 
them to cut properly ; but by using revolving drills 
or fly-cutters driven at a great speed, the work may be 
driven as slowly as may be necessary without incon- 
venience. 

These spirals are generally cut upon cylinders of 
wood or ivory, but the apparatus is so made as to allow 
the spirals to be cut upon cones and surfaces. This is 
done by using wheels of such a shape as will gear with 
each other when their axes are at an angle to each 
other ; some of the wheels are ordinary spur-wheels, 
others are bevel-wheels, and others are rounded upon 
the driving edge. By sUghtly modifying this apparatus 
it will act so as to cut wavy lines longitudinally on 
articles. For this sort of work the wheel on the chuck 
socket is removed, and a lever put on in its place ; this 
lever is prevented moving by a key without the lathe- 
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spindie moves abo ; throughout its length it is furnkhed 
with about a dozen holes. The slide-rest screw ia, as 
before, connected by wheels to the intennediate socket, 
and this socket has upon it an eccentric, the eccentri- 
city of which may be altered. The eccentric is by 



done by the drilling instrument or eccentric drill. 
Y 
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This is meant for a small picture frame ; it can be cut 
circular as shown, or elliptical, but in the latter case 
the spacing of the holes must be effected by means of 
the division-plate and the compensating index or ellipse 
divider. 

Figs. 336 and 337 are specimens of hollow spiral 
work ; sometimes these are cut out of the solid, but 
generally the interior is bored out first, and the tube 
thus formed put upon a mandril of soft wood. The 

Fig. 336. Fio. 836. Fig. 887. 





spirals and spaces between the spirals are then cut out 
by fast running fly-cutters of proper shape, used in the 
cutting instrument. The internal spindle is inserted 
when the spiral work is mounted in place, in the orna- 
ment of which it forms a part. 

The spindle may be plain, or it may be itself spiral, 
or ornamented in any other manner. When this style 
of work is properly done, it forms one of the prettiest 
ornaments that can be made. 

Fig. 338 is engraved from a photograph showing 
eight specimens of ornamental turning, in which most 
of the cutting was effected by the drilling mstrument. 



SHARPENING TOOLS, ETC. 315 



L , 



SHARPENING TOOLS, ETC. 

The ornamental lathe, rest, and chucks, require 
even more attention and care than the last described. 
The running parts go much faster, and should never be 
allowed to get hot or to abrade, as the absolute trath 
of every part must be retained if good work be desired. 

The ordinary turning tools are not ground every 
time, they become dull, but are nibbed a few times 
over aji oil-stone. After a time, however, the tools 
become too blunt to be thus sharpened, and then they 
must be reground ; this should be done with care, and 
the tools afterwards nicely honed to remove the stone 
scratches from their cutting edges. 

The flat and angular tools used for polishing and 
line engraving, with the ornamental chucks and instru- 
ments, require to be very nicely sharpened. Some do 
this by eye, but amateurs generally use an instrument 
called a goniometer for the purpose. 

This is a contrivance having two graduated arcs, 
one of which is adjusted to the angle of the tool, and 
the other to the angle of the bevel or chamfer. The 
tool to be ground is fixed in the instrument, a tool- 
holder being provided for the purpose. When properly 
fixed and adjusted, the edge of the tool to be ground, 
and the two legs of the goniometer, form a tripod, 
which is moved over a flat surface, formed of a slab, 
to receive a grinding-plate. The grinding-plates are 
usually three, all fixed into a slab. The first is an 
oilstone plate, which is used for grinding ; the second, 
a brass plate used with very fine emery-powder or 
oilstone poM^der, for smoothing the tool ; and the third 

t2 
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is an iron plate used with crocus for polishing the fine 
cutting edges. 

The bead and circular tools and drills are generally 
ground by conical or moulded grinders of brass and 
iron, and used with the polishing-powders just men- 
tioned. These grinders are sometimes rotated in a 
small frame attached to the slide-rest, and sometimes 
are held in a chuck attached to the lathe-spindle, the 
tools being held in a tool-holder by the slide-rest. 
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H. Lloyd, D.D. D.C.L. Svo. lor. 6./. 

Fragments of Science. 

By John Tyndall, F.R.S. Sixth 
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The Sea and its Living 

Wonders. By Dr. G. Hartwig. 
Svo. with many Illustrations, los, 6d, 

Hartwig's Tropical 

World. With about 200 Illustrations. 
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and Wales; a Concise Account of 
the Lithological Characters, Leading 
Fossils, and Economic Products of the 
Rocks. By H. B. Woodward, F.G. S. 
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of Plants; the Specific Character, 
Description, Culture, History, &c. of 
all Plants found in Great Britain. With 
12,000 Woodcuts. Svo. 42J. 
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8va IX. 6</. 

Miller's Elements of Che- 

mistrff Theoretical and Practical. 
Re-e(uted, with Additions, by H. 
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Professor of Chemistry, King's College, 
London. With 71 Woodcuts. Fcp. 
8vo. 3j. 6ii. 
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delivered at the Royal Institution. By 

G. A. MACFAR.RSN. SvO. I2X. 

Jameson's Legends of the 

Saints and Martyrs. With 19 Etch- 
ings and 187 Woodcuts. 2 vols. 3 1 j. 6</. 
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J. Bramwell, F.R.S. M. Inst. C.E. 
With 228 Woodcttts. 8vo. 21s, 

Gwilt's Encyclopaedia of 

Architectnre, with above 1,600 Wood- 
cuts. Revised and extended by W. 
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CiYU Engfineering, Historical, Theo- 
retical, and Practical. With above 
3,000 Woodcuts, 8vo. 25J. 
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Intermediate Edition, with a Selection 
pf Maps, Plates, and Woodcuts. 2 vols, 
square crown 8vo. 2is, 
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Introduction to the Sci- 
ence of Religion, Four Lectures de- 
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Religion. By Miss Sew£LL. fcp. 8vo. 
price y. 6d. 

Preparation for the Holy 

Communion; the Devotions chiefly 
from the works of Jeremy Taylor, By 
Miss Sewell. 32mo. 3^. 

Private Devotions for 

Young Persons. Compiled by Miss 
Sewell. i8mo. 2s, 

Bishop Jeremy Taylor's 

Entire Works ; with Life by Bishop 
Heber. Revised and corrected by the 
Rev. C. P. £den« 10 vols. £$. $s. 

The Psalms of David ; a 

new Metrical English Translation of 
the Hebrew Psalter or Book of Praises. 
By William Digby Seymour, Q.C. 
LL.l). Crown 8vo. p, dd. 



The Wife's Manual ; or 

Prayers, Thoughts, and Songs on 
Several Occasions of a Matron's Life. 
Bv the late W. Calvert, Minor Canon 
of St. Paul's. Printed and ornamented 
in the style of Qtuen Elizabeth'^s Prayer 
Book, Crown 8vo. dr. 

Hymns of Praise and 

Prayer. Corrected and edited by 
Rev. John Martineau, LL.D. 
Crown 8vo. 45. 6d, 32010. is, 6d, 

Spiritual Songs for the 

Sundays and Holidays throug^hout 
the Year. By J. S. B. Monsell, 
LL.D. Fcp. 8vo. $s, i8mo. 2s. 

Christ the Consoler; a 

Book of Comfort for the Sick. By 
Ellicb Hopkins. Second Edition. 
Fcp. 8vo. 2J. 6d, 

Lyra Germanica ; Hymns 

translated from the German by Miss C. 
Wink WORTH. Fcp. 8vo. 5X. 

Hours of Thought on 

Sacred Things ; Two Volumes of Ser- 
mons. By James Martineau, D.D. 
LL. D. 2 vols, crown 8vo. ys, 6d, each. 

Endeavours after the 

Christian Life; Discourses. By 
James Martineau, D.D. LL.D. 
Fifth Edition. Crown 8vo. 7^. 6d, 

The Pentateuch & Book 

of Joshua Critically Ezamiaed. 
By J. W. Colenso, D.D. Bishop of 
Natal. Crown 8vo. 6s, 

Elements of Morality, 

In Easy Lessons for Home and School 
Teaching. By Mrs. Charles Bray. 
Crown 8vo. 2s. 6d, 



TRAVELS, VOYAGES, &c. 



Three in Norway. By 

Two of Them. With a Map and 59 
Illustrations on Wood from Sketches 
by the Authors. Crown 8vo. icxf. 6d, 



Roumania, Past and 

Present By James Samuelson. 
With 2 Maps, 3 Autotype PUites & 31 
Illustrations on Wood. 8vo. idr. 



WORKS published by LONGMANS 6- CO. 



17 



Sunshine and Storm in 

the East, or Cruises to Cyprus and 
Constantinople. By Lady Brassey. 
Cheaper Edition, with 2 Maps and 114 
Illustrations engraved on Wood. Cr. 
8vo. ^s. 6d. 

A Voyage in the * Sun- 
beam/ our Home on the Ocean for 
Eleven Months. By Lady Brassey. 
Cheaper Edition, with Map and 65 
Wood Engravings. Crown 8vo. 7x. 6d, 
School Edition, fcp. 2s. Popular 
Edition, 4to. 6ei, 

Eight Years in Ceylon. 

By Sir Samuel W. Baker, M.A. 
Crown 8vo. Woodcuts, Js, 6d. 

The Rifle and the Hound 

in Ceylon. By Sir Samuel W. Baker, 
M.A, Crown 8vo. Woodcuts, p. 6d. 

Sacred Palmlands ; or, 

the Journal of a Spring Tour in Egypt 
and the Holy Land. By A. G. Weld. 
Crown 8vo. p, 6cf, 

Wintering in the Ri- 
viera ; with Notes of Travel in Italy 
and France, and Practical Hints to 
Travellers. By W. Miller. With 
12 Illustrations. Post 8vo. Js, 6d, 

San Remo and the Wes- 
tern Riviera, climatically and medi- 
cally considered. By A. Hill Hassall, 
M.D. Map and Woodcuts. Crown 
8vo. lor. (>d. 



Himalayan and Sub- 

Himalayan Districts of British 
India, their Climate, Medical Topo- 
graphy, and Disease Distribution. By 
K. N. Macnamara, M.D. With 
Map and Fever Chart. 8vo. 21s, 

The Alpine Club Map of 

Switzerland, with parts of the Neigh- 
bouring Countries, on the scale of Four 
Miles to an Inch. Edited by R. C. 
Nichols, F.R.G.S. 4 Sheets in 
Portfolio, 42J. coloured, or 341. un- 
coloured. 

Enlarged Alpine Club Map of 

the Swiss and Italian Alps, on the 
Scale of 3 English Statute Miles to i 
Inch, in 8 Sheets, price u, 6d, each. 

The Alpine Guide. By 

John Ball, M.R.I.A. PostSvo. with 
Maps and other Illustrations : — 

The Eastern Alps, los. 6d. 
Central Alps, including all 

the Oberland District, p. 6d. 

Western Alps, including 

Mont Blanc, Monte Rosa, Zermatt, &c 
Price 61. 6d, 

On Alpine Travelling and 

the Geology of the Alps. Price is. 
Either of the Three Volumes or Parts of 
the 'Alpine Guide' may be had with 
this Introduction prefixed, is. extra. 



WORKS of FICTION. 



In Trust ; the Story of a 

Lady and her Lover. By Mrs. Oli- 
PHANT. Cabinet Edition. Cr. 8vo. 6s. 

The Hughenderi Edition 

of the Novels and Tales of the 
Earl of Beaconsfield, K.G. from 
Vivian Grey to Endymion. With 
Maclise's Portrait of the Author, a 
later Portrait on Steel from a recent 
Photograph, and a Vignette to each 
volume. Eleven Volumes, cr. 8yo. 42J. 



Novels and Tales. By the 

Right Hon. the Earl of Beacons- 
field, K.G. The Cabinet Edition. 
Eleven Volumes, crown 8vo. 6j. each. 

The Novels and Tales of 

the Rirht Hon. the Earl of Bea- 
consfield, K.G. Modem Novelist's 
Library Edition, complete in Eleven 
Volumes, crown 8vo. price 22s. boards, 
or 27^. 6f/. cloth. 
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Novels- and Tales by the 

Earl of Beaconsfield, K.G. Modem 
Novelist's Library Edition, complete in 
Eleven Volumes, crown 8vo. cloth extra, 
with gilt edges, price 33^. 

Whispers from Fairy- 
land. By Lord Brabourne. With 
9 Illustrations. Crown 8yo. 3/. 6^. 

Higgledy - Piggledy. By 

Lord Brabourne. With 9 Illustra- 
tions. Crown 8vo. 31. 6</. 

Stories and Tales. By 

Elizabeth M. Sewell. Cabinet 
Edition, in Ten Volumes, crown 8vo. 
I)rice 3r. 6^. each, in doth extra, with 
gilt edges : — 

Amy Herbert. Gertrude. 

Tlie Earl's Daughter. 

The Experience of Life. 

Cleve Hall. Ivors. 

Katharine Ashton. 

Margaret Percival, 

Laneton Parsonage* Ursula* 



The Modem Novelist's 

Library. Each work complete in itself 
price 7s, boards, or 2J. 6c/. cloth : — 

By the Earl of Beaconsfield, K.G, 

Endymion. 

Henrietta Temple. 
Contarini Fleming. &c. 
Alroy, Ixion, &c. 
The Young Duke, &c. 
Vivian Grey, &c 



Lothair. 

Coningsby. 

Sybil. 

Tancred. 

Venetia. 



•By Anthony Trollope. 

Barchester Towers. 
The Warden, 

By Major Whyte-Melville. 

Digby Grand. | Good for Nothing. 
General Bounce. Holmby House. 



Kate Coventry. 
The Gladiators. 



The Interpreter. 
Queen's Maries. 



By the Author of *The Rose Garden,* 

Unawares. 

By the Author of ' Mile. Mori.' 

The Atelier du Lys. 
Mademoiselle Mori. 

By Various Writers. 

Atherston Priory. 

The Burgomaster s Family. 

Elsa and her Vulture. 

I'he Six Sisters of the Valleys. 



POETRY and THE DRAMA. 



Poetical Works of Jean 

loeelow. New Edition, reprinted, 
with Additional Matter, from the 23rd 
and 6th Editions of the two volumes 
Tespectively ; with 2 Vignettes. 2 vols, 
fcp. 8vo. I2J. 

Faust. From the German 

of Goethe. By T. E. Webb, LL.D. 
Reg. Prof, of Laws & Public Orator 
in the Univ. of Dublin. 8vo. I2j. 6</. 

Goethe's Faust. A New 

Translation, chiefly in Blank Verse; 
with a complete Introduction and 
copious Notes. By James Adey 
Birds, B.A. F.G.S. Large crown 
8vo. I2J. 6^. 

Goethe's Faust. TheGer- 

man Text, with an English Introduction 
and Notes for Students. By Albert 
M. Selss, M. a. Ph.D. Crown 8vo. 5J. 



Lays of Ancient Rome ; 

with Ivry and the Armada. By Lord 
Macaulay. 

Cabinet Edition, post 8vo. 31. €i/. 
Cheap Edition, fcp. 8vo. \s. sewed ; 

IX. dd, cloth; 2j. 6(/. cloth cxtni 

with gilt edges. 

Lord Macaulay's Lays of 

Ancient Rome, with Ivxy and the 
Armada. With 41 Wood Encjravings 
by G. Pearson from Original I^rawings 
by J. R. \Veguelin. Crown Svo. 6j. 

Festus, a Poem. By 

Philip James Bailey. loth Edition, 
enlarged & revised. CrowTi 8to. I2j. dd. 

The Poems of Virgil trans- 
lated into English Prose. By John 
CoNiNGTON, M.A. Grown Svo. ^j. 
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The Iliad of Homer, Ho- 

mometrically .translated by C, B. 
Cayley. 8vo. I2J. 6^. 

Bowdler's Family Shak- 

speare. Genuine Edition, in i vol. 
medium 8vo. large type, with 36 Wood- 
cuts, 14^. or in 6 vols. fcp. 8vo. 21s, 



The -ffineid of Virgil, 

Translated into English Verse. By J, 
CoNiNGTON, M.A. Crown 8vo. 91, 

Souther's Poetical 

Works, with the Author's last Cor- 
rections and Additions. Medium 8vo. 
with Portrait, 14^. 



RURAL SPORTS, HORSE and CATTLE 

MANAGEMENT, &c. 



William Howitt's Visits 

to Remarkable Places, Old Halls, 
Battle-Fields, Scenes illustrative of 
Striking Passages in English History 
and Poetry. New Edition, with 80 
Illustrations engraved on Wood. 
Crown 8vo. 7^. 6J. 

Dixon's Rural Bird Life ; 

Essays on Ornithology, with Instruc- 
tions for Preserving Objects relating 
to that Science. With 44 Woodcuts. 
Crown 8vo. 5/. 

A Book on Angling ; or. 

Treatise on the Art of Fishing in every 
branch ; including full Illustrated Lists 
of Salmon Flies. By Francis Francis. 
Post 8vo. Portrait and Plates, 151. 

Wilcocks's Sea-Fisher- 
man : comprising the Chief Methods 
of Hook and Line Fishing, a glance at 
Nets, and remarks on Boats and Boat- 
ing. Post 8yo. Woodcuts, 12s, 6d, 

The Fly-Fisher*s Ento- 
mology. By Alfred Ronalds. 

With 20 Coloured Plates. 8vo. 14^. 

The Dead Shot, or Sports- 

man's Complete Guide ; a Treatise on 
the Use of the Gun, with Lessons in 
the Art of Shooting Game of All Kinds, 
and Wild-Fowl, also Pigeon- Shooting, 
and Dog- Breaking. By Marksman. 
Fifth Edition, with 13 Illustrations. 
Crown 8vo. joj, 6^/, 



Horses and Roads; or, 

How to Keep a Horse Soimd on his 
Legs. By Free-Lance, Second 
Edition. Crown 8vo. 6s, 

Horses and Riding. By 

Georgb Ne VI LE, M. A. With 3 1 Iljus- 
trations. Crown 8vo. Cs, 

Horses and Stables. By 

Major-Gcneral Sir F. FiTZWVGRAM, 
Bart. Second Edition, revised and 
enlarged ; with 39 pages of Illustrations 
containing very numerous Figures. 
8vo. iQf. 6d, 

Youatt on the Horse. 

Revised and enlarged by W, Watson, 
M.R.C.V.S. 8vo. Woodcuts, p. 6d. 

Youatt's Work on the 

Dog. RevUed and enlarged. 8vo. 
Woodcuts, dr. 

The Dog in Health and 

Disease* By Stonehengs. Third 
Edition, with 78 Wood Engravings. 
Square crown 8vo. yj. 6d. 

The Greyhound. By 

Stonehengs. Revised Edition, with 
25 Portraits of Greyhounds, &c. 
Square crown 8vo. 15J. 

A Treatise^ on the Dis- 
eases of the Ox ; being a Manual of 
Bovine Pathology specially adapted for 
the use of Veterinary Practitioners and 
Students. ByJ.H. Steel, M.R.C.V.S. 
F. Z. S. With 2 Plates and n6 Wood- 
cuts. 8vo, 15X, 
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Stables and Stable Fit- 

tings. By W. Miles. Imp. 8vo. 
with 13 Plates, i$s. 

The Horse's Foot, and 

How to keep it Sound. By W. 
Miles. Imp. Svo. Woodcuts, I2x. 6d, 



A Plain Treatise on 

Horse-shoeing. By W. Miles. Post 
8vo. Woodcuts, 2s. 6d. 

Remarks on Horses' 

Teeth, addressed to Purchasers. By 
W. Miles. Post 8va ix. 6d, 



WORKS of UTILITY and GENERAL 

INFORMATION. 



Maunder's Biographical 

Treasury. Reconstructed with 1,700 
additional Memoirs, by W. L. R. 
Gates. Fcp. 8vo. dr. 

Maunder's Treasury of 

Natural History; or. Popular Dic- 
tionary of Zoology. Fcp. 8vo. with 
900 Woodcuts, 6x. 

Maunder's Treasury of 

Geography, Ph3rsical, Historical, 
Descriptive, and Political. With 7 
Maps and 16 Plates. Fcp. 8vo. 6s, 

Maunder's Historical 

Treasury ; Outlines of Universal His- 
tory, Separate Histories of all Nations. 
Revised by the Rev. Sir G. W. Cox, 
Bart. M.A. Fcp. 8vo. 6s, 

Maunder's Treasury of 

Knowledge and Library of Refer- 
ence ; comprising an English Diction- 
ary and Grammar, Univej^ Gazetteer, 
Classical Dictionary, Chronology, Law 
Dictionary, &c. Fcp. 8vo. 6s, 

Maunder's Scientific and 

Literary Treasury; a Popular £n- 
cyclopsedia of Science, Literature, and 
Art Fcp. 8vo. dr. 

The Treasury of Botany, 

or Popular Dictionary of the Vegetable 
Kingdom. Edited by J. Lindley, 
F. R. S. and T. Moore, F. L. S. With 
274 Woodcuts and 20 Steel Plates. 
Two Parts, fcp. 8vo. I2j. 

The Treasuiy of Bible 

Knowledge*; a Dictionary of the 
Books, Persons, Places, and Events, of 
which mention is made in Holy Scrip- 
ture, By the Rev. J. Ayre, M.A. 
Maps, Plates and Woodcuts. Fcp. 
8vo. 6s, 



Black's Practical Trea- 
tise on Brewing ; with Formulre for 
Public Brewers and Instructions for 
Private Families. 8vo. lOr. 6d, 

The Theory of the Mo- 
dem Scientific Game of Whist 
By W. Pole, F.R.S. Thirteenth 
Edition. Fcp. 8vo. 2s. 6d, 

The Correct Card; or, 

How to Play at Whist ; a Whist 
Catechism. By Major A. Campbell- 
Walker, F.R.G.S. Fourth Edition. 
Fcp. 8vo. 2s, 6d, 

The Cabinet Lawyer; a 

Popular Digest of the Laws of England, 
Civil, Criminal, and Constitutional. 
Twenty- Fifth Edition. Fcp. 8vo. 91. 

Chess Openings. ByF.W. 

Longman, Balliol Collie, Oxford. 
New Edition. Fcp. 8vo. 2s. 6d. 

Pewtner's Compre- 
hensive Specifier; a Guide to the 

Practical Specification of every kind of 
Building- Artificer's Work. Edited by 
W. Young, Crown 8vo. dr. 

Cookery and Housekeep- 

iag ; a Manual of Domestic Economy 
for Large and Small Families. By Mrs. 
Henry Reeve. Third Edition, with 
8 Coloured Plates and 37 Woodcuts. 
Crown 8vo. ys. 61/, 

Modem Cookery for Pri- 
vate Families, reduced to a System 
of Easy Practice in a Series of carefiiUy- 
tested Receipts. By Eliza Acton. 
With upwards of 150 Woodcuts. Fcp. 
8vo. 4J. 6*/, 
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Food and Home Cookery. 

A Course of Instraction in Practical 
Cookery and Cleaning, for Children in 
Elementary Schools. By Mrs. Buck- 
ton. Crown 8vo. Woodcuts, 2j, 

A Dictionary of Medi- 
cine. Including General Pathology, 
General Therapeutics, Hygiene, and 
the Diseases peculiar to Women and 
Children. By Various Writers. Edited 
by R. QiTAiN, M.D. F.R.S. &c. 
With 138 Woodcuts. Medium 8vo. 
3 1 J. 6</. cloth, or4Qr. half-russia. 

Bull's Hints to Mothers 

cm the Management of their Health 
during the Period of Pregnancy and in 
the Lying-in Room. Fcp. 8vo. is, 6d, 

Bull on the Maternal 

Mana^ment of Children in Health 
and Disease. Fcp. 8vo. u. 6^. 

American Farming and 

Food. By Fin LAY Dun. Crown 
8vo. loj. 6d, 

The Farm Valuer. By 

John Scarr. Crown 8vo. 5/. 

Rents and Purchases ; or, 

the Valuation of Landed Property, 
Woods, Minerals, Buildings, &c. By 
John Scott. Crown 8vo, 6j. 



Economic Studies. By 

the bte Walter Bagehot, M.A. 
Edited by R. H. HuTTON. 8vo. lOr. 6d. 

Health in the House ; 

Lectures on Elementary Physiology in 
its Application to the Daily Wants of 
Man and Animals. By Mrs. Buckton. 
Crown 8vo. Woodcuts, 2J. 

Economics for Beginners 

By H. D. MACLEOD, M.A. Small 
crown 8vo. 2J. 6d. 

The Elements of Econo- 
mics. By H. D. MACLEOD, M.A. 
In 2 vols. Vol. I, crown 8vo. ^s. 6d, 

The Elements of Bank- 

ingf. By H. D. Macleod, M.A. 
Fourth Edition. Crown 8vo. 5^. 

The Theory and Practice 

of Banking^. By II. D. Macleod, 
M.A. 2 vols. 8vo. 26s, 

The Patentee's Manual ; 

a Treatise on the Law and Practice of 
Letters Patent, for the use of Patentees 
and Inventors. By J. Johnson and 
J. II. Johnson. Fourth Edition^ 
enlarged. 8vo. price I or. 6d, 

Willich's Popular Tables 

Arranged in a New Form, giving Infor- 
mation &c. equally adapted for the Office 
and the Library. 9th Edition, edited 
by M. Marriott. Crown 8vo. lor. 
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Actom*s Modem Cookery ao 

Alpine Qub Map of Switzerland 17 

Guide (The) 17 
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Andtrsotis Strength of Materials xo 

XrwjiytMKe^j Organic Cheniistnr 10 

ArucUTs (Dr. ) Lectures on Modem History a 

Miscellaneous Works 6 

Sermons 15 
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Atelier (The) du Lys x8 

Atherstone Priory 18 

Autumn Holidays of a Country P^irson ... 7 

4/r(V Treasury of Bible Knowledge ...... ap 



Boom's Essays, hy Wkatefy 5 

life and Letters, by Spedding ... 5 
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Works 5 
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— — Economic Studies ai 

— — — Literary Studies «*.... 6 

Bailees Festus, a Poem x8 

iTtfxVjr James Mill and J. S. Mill 4 

— ^— Mental and Moral Science 6 

^— on the Senses and Intellect 5 

Emotions and Will 5 



Baker's Two Works on Ceylon 17 
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Baits Elements of Astronomy 10 
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Bauermans Mineralogy 10 

Beaam^ld's (Lord) Novels and Tales 17 & z8 
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BeaconsJielePs (I^rd) Wit and Wisdom 6 

Becker's Charicles and Gallns 7 

Be€sfy*s Gracchi, Marius, and Sulla 3 

BtngkanCs Bonaparte Marriages 4 

Black's Treatise on Brewing 90 

Bhckleys German-English Dictionary 7 

Bloxam &* Huntington's Metals 10 

B^Uand and Langs Aristotle's Politics 5 

BouUbu on 39 Articles 14 

— 'j History of the English Church... 14 
Boumds Works on the Steam Engine...i3&Z4 

Bawdier' sYBSxaiy Shakespeare 19 

Braboume's Fairy-Land z8 

' Higgledy-piggledy z8 

Bramity-Moore's Six Sisters of the Valleys . x8 

Bramston 6* Leroy's Historic Winchester , 2 

Brandos Diet. of Science, Literature, & Art ii 

Brassey*s British Navy 13 

■ Sunshine and Storm in the East . 17 

' Voyage in the ' Sunbeam '.,.. 17 

^r^yi Elements of Morality • x6 

Browne's Exposition of the 39 Articles 14 

^fvw»«Wj Modem England 3 
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— ^— — Health in the House 12&21 

BulFs Hints to Mothers 21 

■ Maternal Management of Children , 21 
Burgomaster's Family (Ilie) xB 

Cabinet Lawyer 20 

Calvert s Wife's Manual 16 

Cafes* s Age of the Antonines 3 

— ^ — Early Roman Empire 3 

Carlyles Reminiscences 4 

Cates's Biographical Dictionary 4 

CtfjrZf/f Iliad of Homer 19 

Changed Aspects of Unchanged Truths ... 7 

Ckesneys Waterloo Campaign a 

Christ our Ideal 16 

Ckurch's Beginning of the Middle Ages ... 3 

Colenso's Pentateuoi and Book of Joshua . 16 

Commonplace Philosopher.. 7 

Comics Positive Polity 4 

Conder's Handbook to the Bible 15 

Conington's Translation of Virgil's iGneid X9 

■ Prose Translation of Virgil's 
Poems 18 

Conktnseau's Two French Dictionaries ... 7 

Conybeare and Howson's St. Paul X5 

Coita on Rocks, by Lawrence zi 

Counsel and Comfort from a City Pulpit... 7 

CV;x'j (G. W.). Athenian Empire 3 

■ Crusades 3 

» ■ Greeks and Persians 3 

Creigkton's Age of Elizabeth 3 

■ England a Continental Power 3 

■' — Papacy during the Reformation Z4 

— — Shilling History of England ... 3 

Tudors and the Reformation 3 

Cres/s Encyclopaedia of Civil Engineering Z4 

Critical Essays of a Country Parson..» 7 

Culler's Handbook of Telegraphy zs 

Curteis's Macedonian Empire 3 

Davidsons New Testament X4 

Dead Shot (The) 19 

Dc Caisne and Le Afaouts Botany xi 



De Morgans (Mrs.) Memoir of her H^isband 4 

De Tocquevill^s Democracy in America..* 4 

Dewes's Life and letters of Sl Paul 15 

Dixon's Rural Bird Life ZI&19 

Doyle's English in America * i 

Dresser's Arts of Japan ..• Z2 

Dun's American Farming and Food ai 

Eastlake^s Hints on Household Taste 13 

Edmonds's Elementary Botany iz 

Ellicotfs Scripture Commentaries 15 

■ Lectures on Life of Christ 15 

Elsa and her Vulture z8 

Epochs of Ancient History 3 

English History 3 

— — Modem History 3 

Evans's Bronze Implements zi 

Ewalds Antiquities of Israel 25 

Christ and His Times 15 

History of Israel 15 

Fairhaim*s Information for Engineers 73 

— ^-^— Mills and Millwork 13 

Parrat^s Language and Languages 7 

Fitzwygram on Horses Z9 

Francis's Fishing Book • Z9 

Freeman's Historical Geography a 

Froude's Csesar 4 

English in Ireland z 

History of England z 

—Short Studies 6 

T homas Carlyle 4 

Gairdner's Houses of Lancaster and York 3 

Ganofs Elementary Physics 9 

■ Natural Philosophy 9 

Gardiner's Buckingham and Charles I. ... a 
Person^ Government of Charles I. a 

Fall of ditto a 

Outline of English Histoiy ... a 

Puritan Resolution 3 

^Thirty Years' War 3 

(Mrs.) French Revolution 3 

— Struggle against Absolute 

Monarchy 3 

Glazebrook's Physical Optics 10 

Goetke's Faust, by Birds z8 

bySelss 18 

by Webb z8 

Goodrvis Mechanics » xo 

»— — — Mechanism • Z3 

Gor£s Electro-Metallurgy zo 

Gospel (The) for the Nineteenth Century . z6 

Grant's Ethics of Aristotle 5 

Graver Thoughts of a Country Parson 7 

Graves's Life of Sir W. Hanulton 4 

Greville's'loyrmaX z 

Griffin's Algebra and Trigonometij zo 

Grove on Correlation of Physical Forces... 9 

Gwilfs Encydopsedia of Architecture...... Z3 

ffaUs Fall of the Stuarts 3 

Halliwell-PkiUippss Outiines of Shake- 
speare's Life 4 

Hartwigs, Works on Popular Natural 

History, &c. lo&zt 

Hassalts Climate of San Remo 17 

/Taitr^Ai^ix'i Physical Geography zo 

Haywards Selected Essays • 6 
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